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T is particularly appropriate that this 
group of papers, collected in honor of 
Dr. Allen B. Kanavel, and of his many 

years of service as associate editor of SURGERY, 
GYNECOLOGY AND OBSTETRICS, should include 
a paper upon acute infections of the hand. 
There are few more beneficent contributions 
to surgical teaching and practice than his 
accurate and clear cut demonstration of the 
surgical anatomy of the hand and of the 
routes of extension of infection within the 
hand and forearm. That demonstration, and 
the logical methods of surgical treatment de- 
duced therefrom, with their validity supported 
by many and carefully controlled clinical 
observations, constitute the basis of his well 
known monograph, Infections of the Hand. 
Interestingly too, the first edition of that 
monograph appeared practically in serial 
form in the first volume of what was then an 
uncertain venture in the field of medical 
journalism. We would not venture to estimate 
how many lives have been saved and how 
many infected hands have been preserved as 
functioning members as a result of Kanavel’s 
work. We do believe, however, that his teach- 
ings will constitute an enduring commemora- 
tion, and that they will continue to exert a 
directing and beneficent influence upon the 
treatment of infections of the hand when our 
generation has become but a memory. 


No type of infection can develop more 
rapidly or become a menace to life with more 


'From the Department of Surgery, Northwestern University Medical School. 


dramatic and deadly haste than that type of 
infection variously termed acute lymphangitis, 
acute spreading cellulitis, acute streptococcic 
septicemia, and, by the laity, blood poison- 
ing. Although’such an infection can be intro- 
duced into the body through any break in 
continuity of skin or mucous membrane, in 
our experience it has followed most often a 
trivial injury of a finger or hand, an infection 
of the lip or face which has begun as an 
apparently innocent furuncle, or the extrac- 
tion of an infected tooth. Of these the acute 
spreading infections which have followed an 
injury of the upper extremity have been the 
most common.’ 

In the series of cases reported in this paper 
the mortality has been almost one third; but 
the patients who have survived, and this is the 
lesson which Kanavel has stressed so often 


My first personal contact with such a case made an indelible impres- 
si ion upon my mind, and I have often referred to it since. Nine years ago 
a junior me lical student on his service at the Lying-in Dispensary 
infected a scratch wound on the dorsum of the right index finger. The 
finger became somewhat swollen and painful, and he persuaded one of 
the surgeons in the out patient department to incise it under a local 
anesthetic. No pus was found. The following day the finger was more 
swollen and painful; there were a few red lines extending upward along 
the forearm and the patient was obviously ill. When first I saw him on 
that day he was told he must go to bed, take as much fluid as possible, 
put a big warm wet sterile dressing over the entire upper extremity, 
and that under no circumstances must any one be allowed to incise 
the finger. He rather protested against this advice because he still 
thought there was pus in the finger; but since he assured me that he 
would carry out the treatment faithfully at home and that it would be 
very inconvenient for him to enter the hospital he was allowed to go. 

[ heard nothing more from him and had completely forgotten the mat- 
ter when, a week later, I saw a notice on the bulletin board that the 
members of the junior "class were excused for the afternoon to attend 
the funeral of this young man. He had gone home from the hospital, 
persuaded a doctor in his neighborhood to incise the finger, and within 
24 hours had developed a severe chill, a temperature of tos degrees, and 
all the signs of a malignant generalized infection. Within 48 hours 
symptoms of a diffuse pulmonary involvement appeared and within 
another 48 hours he had succumbed to the infection. 


Read in part before the Hartford Medical Society, Hartford, 


Connecticut, April 23, 1934; and the Aux Plaines Branch of the Chicago Medical Society, Oak Park, Illinois, April 27, 1034. 
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during the past 30 years, have been those who 
were treated by conservative measures, and 
in whom active surgical intervention was 
delayed until there was no question as to the 
presence of a definitely localized suppurative 
process. 

The cases of acute rapidly spreading infec- 
tion following trivial injuries of the hand 
which have come under our observation re- 
solve themselves into 4 definite groups: (1) 
Those in which the infection gradually sub- 
sided and eventually cleared up without local 
destruction of tissue or abscess formation. 
(2) Those in which the original injury healed 
rather rapidly and in which the inflamma- 
tory reaction in the hand and forearm dis- 
appeared soon after, but in which the 
axillary lymph glands broke down with 
resulting abscess formation, sometimes under- 

eath the pectoral muscles. (3) Those in 
which the infection and the accompanying 
inflammatory reaction advanced rather rapid- 
ly for a time, then came to a standstill, and 
then gradually receded. As the inflammation 
receded, localization and abscess formation 
developed, frequently with extensive destruc- 
tion of tissue. (4) Those in which the infection 
advanced rapidly and continued, in spite of 
every effort to check it, to a fatal termination. 

In order to make this presentation as 
definite and clear cut as possible the cases 
reported are presented in accordance with this 
classification rather than in a chronological 
order. 


GROUP I. RECOVERY WITHOUT LOCALIZATION 
OF INFECTION OR ABSCESS FORMATION 


Case 1. B. A., Passavant Memorial Hospital, 
4095. March 4-10, 1931. 

This patient, a physician of 28 years, the day be- 
fore admission to the hospital struck the dorsum of 
his left thumb with the end of a glass tube while 
transferring a culture of a hemolytic streptococcus. 
There was no bleeding at the site of injury and he 
paid no attention to the matter until the following 
morning, when he noticed redness at the site of the 
puncture and swelling over the metacarpophalan- 
geal joint. At 9:00 a.m., the swelling had extended to 
the wrist. At noon there was a row of small painful 
beads one-half the size of a split pea extending up- 
ward along the volar surface of the forearm. At 3:00 
p.m. there were three red lines extending from the 
wrist to the axilla. 

On admission to the hospital at 4:00 p.m. his 


temperature was 99.4 degrees, his pulse 120, his 
leucocyte count 11,800. About the small puncture 
wound on the dorsum of the metacarpal of the 
thumb was an area of redness and swelling about an 
inch in diameter. The red streaks mentioned ex- 
tended upward along the lateral and anterior aspect 
of the forearm, and the medial aspect of the arm. 

A large warm wet dressing was applied to the en- 
tire left upper extremity and heat maintained over 
it. The following day the temperature, which hac 
risen to 100.4 degrees the evening of his admission wv 
the hospital, dropped to normal and the red streaks 
of lymphangitis had disappeared. 

March 7 his temperature again arose to 100.2 de- 
grees and he complained of a sore throat. Cultures 
were made from the secretion of both the nose and 
throat, and subsequently showed both hemolytic 
and non-hemolytic staphylococci in the nasal secre- 
tion and many long chained streptococci in the 
pharyngeal secretion. When the patient was dis- 


missed from the hospital March 10 he felt well, the © 
signs of inflammation had disappeared from the left | 


upper extremity and his temperature had not risen 
above normal for 48 hours. 

CASE 2. 
Illinois. September 9-14, 1928. 

This patient, a physician of 44 years, sustained an 
abrasion of the left index finger about September 1, 
but paid no particular attention to it at the time. 
Saturday afternoon, September 8, he operated upon 
a patient with a bartholinian abscess. ‘[he same 
evening he noticed that the finger was inflamed and 
painful. He felt restless and irritable, and finally 
went to his office and picked at the finger with a 
scalpel. All that night the finger and hand throbbed 
and ached; he was restless and slept very little. 
Early Sunday morning he called a colleague, who 
infiltrated the finger thoroughly with procaine, in- 
cised it, and stated he was certain there was no pus 
there, for he incised all the tissues down to the bone. 


When I saw the patient Monday evening, Septem- | 


ber 10, he was obviously very ill. Perspiration was 
standing in beads on his face and neck; his tempera- 
ture was 103 degrees; he had had several severe 


chills. There was a thin serous discharge from an © 


incision 34 inch in length on the palmar surface of 
the right index finger. Red streaks extended up the 
forearm and arm, converging toward the axilla. For- 
tunately no further surgical treatment had been 
carried out, and at the suggestion of a former student 
of Dr. Kanavel, who had seen the patient Monday 
morning, a massive warm wet dressing had been 
applied to the entire upper extremity throughout 
Monday. 

This treatment was continued; fluids were ad- 
ministered by mouth and by rectum, and the patient 
made a gradual and uneventful recovery without 
definite localization of the infection or abscess 
formation. 


In order to avoid needless repetition, we 
have included only the above 2 cases of this 


R. K., Rockford Hospital, Rockford, | 
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group. We have observed rg other cases with 
practically an identical story: a slight injury, 
rapidly developing symptoms of an acute 
infection, early lymphatic involvement with 
red streaks extending up the forearm, and in 
some cases to the axilla, gradual subsidence 
under conservative treatment of both local 
and general symptoms, and eventual recovery, 
‘vithout localization or abscess formation, in 
a period varying from 2 to 10 days. 

The course of events in such cases empha- 
sizes the fact that an acute spreading infection 
can be arrested rather rapidly and without 
localization or abscess formation if the infec- 
tion is not of overwhelming virulence, if the 
resistance of the patient is adequate, and if 
proper measures to combat the infection are 
instituted promptly. Such cases give us a 
certain degree of assurance in that they 
demonstrate the fact that not every acute 
rapidly spreading infection is necessarily fol- 
lowed by disastrous results, even though 
the danger signals—the red lines of lymphatic 
extension—are present when the patient is 
first seen." 

It is of some interest in connection with 
this group of cases that none of them under 
our care received antistreptococcic serum. 
We have not at any time seen definite indica- 
tions that it has been of value. It should also 
be said in fairness that we have not observed 
any harmful effects in patients to whom serum 
has been given by others. 


GROUP 2. RAPID HEALING OF THE ORIGINAL 
INJURY AND DISAPPEARANCE OF THE SYMP- 
TOMS OF RAPIDLY SPREADING LYMPHANGI- 
TIS; LATER, ABSCESS FORMATION IN OR 
ABOUT THE AXILLA, SUPRACLAVICULAR OR 
SUBPECTORAL REGION 


CasE 3. E. P. 140033. Wesley Memorial 
Hospital. August 21-September 6, 1928. ; 

This patient, a girl of 314 years, on Friday, August 
17, fell from a small wagon to the sidewalk and struck 
her left elbow? just breaking the overlying skin. 


|Kanavel has suggested that only 1o per cent of cases which begin 
with an acute lymphangitis go on to localization and abscess formation. 
That doubtless is a fairly accurate estimate, for the majority of these 
cases are doubtless seen in the routine of daily practice, and do not 
come to the hospital or to the attention of the man who confines his 
work to surgical practice. 


2 This case is 1 of 2 included in the series in which the initial injury 
was not upon the hand. It is included because the course of events 
is so definitely similar to that in the remaining cases, and because of the 
interesting complicating infection in the lower extremity. 


Her mother painted mercurochrome solution over 
the elbow. The patient felt well until Sunday at 
5:30 p.m. when she bumped her elbow and com- 
plained of pain. Her father noticed a superficial 
abrasion, the size of a dime, covered with pus. He 
wiped it off with a swab saturated with mercuro- 
chrome and covered it with gauze. That night, 
about 1:00 a.m., the patient awoke screaming and 
trembling; her eyes were staring, and she seemed en- 
tirely unconscious of her surroundings for about 15 
minutes. At 7:00 a.m. she had a second convulsion. 

During most of Monday she was apparently quite 
normal, but shortly after midnight Monday she had 
a third convulsion and during the remainder of the 
night she had repeated convulsions, though not as 
severe as the first 3. 

She was admitted to the hospital at 9:30 Tuesday 
morning with a temperature of 103.6 degrees, a pulse 
of 120. Just above the left elbow was a small ellip- 
tical denuded area, 1 by 2 centimeters. The arm from 
elbow to shoulder was swollen and inflamed. The 
swelling involved the entire axillary region; the 
axillary lymph glands were palpable and tender. The 
leucocyte count was 17,900, the erythrocyte count 
4,220,000. A massive warm wet dressing was ap- 
plied immediately to the entire left upper extremity, 
and 1500 units of tetanus antitoxin injected sub- 
cutaneously in the right thigh. 

Between August 21 and 25 the patient’s tempera- 
ture fluctuated between 100.2 and 104.8 degrees, the 
pulse between 100 and 160. In spite of the con- 
tinuous application of large warm wet dressings 
there was little change in the appearance of the arm, 
and the patient constantly seemed very ill and very 
toxic. 

August 25 an area of red mottled discoloration 
was noted over the medial aspect of the right thigh, 
and within 24 hours this discoloration had spread 
and involved the lateral, posterior, and medial as- 
pects of the thigh from hip to knee. Massive warm 
wet dressings were applied over the entire area, but 
the swelling and inflammation continued to extend 
and by August 27 had involved the vulva and peri- 
neum. On that day the swelling of the thigh gave a 
feeling of fluctuation and it was thought liquefaction 
was taking place. Then, rather rapidly, the in- 
flammatory reaction began to subside, and by August 
31 it had practically disappeared from the lower 
extremity. 

In the meantime the inflammatory reaction had 
also disappeared from the greater part of the left 
upper extremity, and a definite localized fluctuating 
mass developed in the left axilla. This was incised 
September 1 with as little trauma as possible, and 
about 30 cubic centimeters of thin pus evacuated. 
Cultures of this pus subsequently showed a pure 
growth of a non-hemolytic, short chained strep- 
tococcus. 

Recovery took place very rapidly after incision of 
the axillary abscess; the temperature, which had 
fallen to 98.8 degrees August 31, the day before in- 
cision, rose to 100.6 degrees September 1 and there- 
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after did not rise above normal. The patient was 
dismissed from the hospital September 6 with the 
drainage wound almost healed. 

Case 4. H. R., Garfield Park Hospital, 39471. 
December 29, 1931-January 18, 1932. 

This patient, a man. of 36 years, sustained a 
scratch wound of the dorsal surface of the third right 
metacarpophalangeal joint 12 days before admission 
to the hospital. The affected hand became painful 
and swollen, then opened spontaneously and dis- 
charged a little pus. The symptoms apparently sub- 
sided only to flare up again a few days later, and 
with the recurrence of inflammation the patient 
began to have chills, fever, and sweats. 

He was admitted to the hospital on the service of 
Drs. Hatzis December 29 with a temperature of 101.4 
degrees and pulse of 110. When I first saw him the 
same day the wound on the dorsum of the hand had 
practically healed and the only abnormal finding in 
the hand and forearm was a slight swelling and 
cedema as compared with the opposite side. In the 
axilla, however, and extending down the medial side 
of the arm was a deeply situated, firm mass over 
which the skin was tense, reddened, and oedematous. 

A massive warm wet sterile dressing was applied 
over the arm and axilla and the patient urged to 
take as much fluid as possible. Blood was taken for 
culture and was later (January 3) reported as show- 
ing ‘‘a rather scanty growth of Staphylococcus 
albus.” Blood examination December 31 showed 
5,100,000 red cells and 13,800 white cells. 

January 4 the patient was given a direct blood 
transfusion of 360 cubic centimeters. 

During a period of 11 days, from December 29 to 
January 8, the patient’s temperature ranged be- 
tween 98.8 and 103.2 degrees, his pulse between 88 
and 122. The warm wet dressings were kept almost 
constantly over the affected area, and the fluid in- 
take maintained at a maximum. The leucocyte 
count had increased from 13,800 December 31 to 
14,000 January 4 and to 18,600 January 8. At the 
same time the axillary mass had become a little 
larger, less indurated, and the overlying skin could 
no longer be moved apart from the underlying mass. 

On the afternoon of January 12 the patient’s 
temperature rose to 103.4 degrees, the highest level 
that it reached at any time. The following morning, 
under nitrous oxide anesthesia, the axillary abscess 
was opened by an incision over the most dependent 
portion of the fluctuating area, and a considerable 
amount of thin green pus evacuated, most of it from 
a definite cavity underneath the pectoralis major 
muscle. Culture of this pus was reported 2 days 
later as “practically pure culture of colon bacillus; a 
few staphylococci present.” 

The patient’s temperature fell to normal the fol- 
lowing day and only twice subsequently rose above 
normal, once to 100 degrees, once to 100.6 degrees. 
When he left the hospital January 18 the wound 
discharge had almost ceased. 

Case 5. R. K., Passavant Memorial Hospital, 
17196. March 7—April 6, 1934. 
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This patient, a cooper of 33 years, 2 weeks before 
admission to the hospital sustained three superficial 
wounds of his left thumb from the flanged head of a 
tool which accidentally slipped from his hand as he 
was driving it against a barrel hoop. Little attention 
was paid to the wounds at the time. A week later he 
noticed pain and soreness in the left axilla but he con- 
tinued work for another 5 days, at the end of which 
he reported to the company physician with fever, 
headache, pain in the left upper extremity and ex- 
quisite tenderness in the left axilla. 

On admission to the hospital 2 days later the 
patient’s temperature was 101.6 degrees, his pulse 
100, his leucocyte count 15,700. The original injuries 
over the left thumb had almost healed but the left 
axillary region was red, indurated, and tender. The 
most striking symptom, however, was a diffuse, fiery 
red, maculopapular eruption which covered his en- 
tire body and actually gave him the appearance of a 
boiled lobster. 

For 6 days the patient appeared very ill and toxic 
in spite of continued application of large warm wet 
dressings to the entire left upper extremity and 
forced administration of fluids. During this time 
his temperature fluctuated between 99.4 and 102.8 
degrees, his leucocyte count between 15,000 and 
20,000. On March 13, the seventh day after ad- 
mission, his temperature reached normal for the first 
time and the erythema was very much diminished. 
During the next few days desquamation went on 
rather rapidly, and the skin could be peeled from his 
trunk and extremities in large dry patches (Fig. 1). 
At the same time the axillary induration became less 
marked and less extensive. 

March 31, a small well demarcated axillary abscess 
which had become quite superficial was incised and 
evacuated. Cultures of the pus showed only a non- 
hemolytic Staphylococcus aureus although the symp- 
toms of the infection throughout its course were 
clearly those of a virulent streptococcus closely allied 
to the streptococcus of scarlet fever. 

CasE 6. R. J., Passavant Memorial Hospital, 
4280. October 21, 1930-April 21, 1931. 

This patient, an undertaker’s assistant of 38 years, 
while embalming a body Saturday evening, October 
18, sustained a scratch wound of the dorsum of the 
proximal phalanx of the right middle finger. He paid 
no attention to it until Monday morning when he 
noticed a little pus draining from the hand at the site 
of injury. Monday afternoon he had a violent chill 
and ached all over his body. Pain and tenderness, 
which during the day had begun to involve the hand, 
by evening had reached the shoulder. His tempera- 
ture Monday evening was 104 degrees. A doctor 
who was called applied antiphlogistine to the hand 
and forearm. 

When I first saw him on Tuesday evening at 6:00 
o’clock he was acutely ill, perspiring profusely, and 
almost in a state of collapse. His temperature was 
104 degrees, his pulse 108. His right hand, forearm, 
and arm were painful to touch, hot and somewhat 
swollen, though less, he stated, than the day before, 
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Pain had become fairly well localized to the medial 
side of the arm and to the shoulder. The axillary and 
supraclavicular glands were enlarged and very 
tender. Red streaks, which he had noticed Monday 
on the medial aspect of the arm, had disappeared. 
He was admitted to the hospital immediately, a 
massive warm wet dressing applied to the entire 
upper extremity and administration of fluids begun. 

During the first week in the hospital his tempera- 
ture fluctuated between 104.4 and 99.4 degrees 
though after the evening of admission it did not rise 
above 103 degrees. The symptoms of infection in the 
hand and forearm cleared up within a few days; but 
the evidence of deep seated inflammation in the 
axilla and supraclavicular region became constantly 
more definite. Eight days after his admission to the 
hospital it was thought that a definite localization of 
pus had taken place over the medial wall of the 
axilla. Under nitrous oxide anesthesia an incision 
was made through the thick oedematous sub- 
cutaneous tissue and at a depth of % inch thin pus 
was found. Cultures of this pus subsequently showed 
a pure growth of a long chained hemolytic strepto- 
coccus. 

Following drainage of the axillary abscess the 
temperature level dropped about a degree, ranging 
between 102.4 and og degrees during the second 
week. During the third week the level was still 
lower, between 1o1.4 degrees and normal, though it 
rose consistently each afternoon to a level of tor 
degrees or higher. During the fourth week (November 
11-17) the temperature level gradually rose again, 
to a range between 103.4 and roo degrees, and with 
the rise of temperature there developed a widespread 
inflammation and induration of the entire dorsal sur- 
face of the trunk, beginning above over the lower 
cervical vertebre and gradually extending down- 
ward. November 17 there was noted a painful 
swelling over the left ninth, tenth, and eleventh ribs 
and red streaks running downward and forward 
toward the left groin. With widespread application 
of warm wet dressings the inflammation gradually 
became less marked and by November 24, the end 
of the fifth week, the temperature had reached a 
normal level. 

During the sixth week the temperature again be- 
gan to rise and as it did so signs of an abscess just 
inferior to the medial end of the right clavicle ap- 
peared. This was opened at noon, December 2, and 
the area of fluctuation found filled with hemolyzed 
blood. This material when cultured also showed a 
pure growth of a long chained hemolytic strep- 
tococcus. Because of a persistent tendency toward 
oozing after incision the incised area was packed 
rather tightly with gauze, but it continued to bleed 
throughout the course of the afternoon and evening. 
At ten in the evening the patient was again taken to 
the operating room, a small bleeding vessel in the 
wall of the cavity ligated, and pressure maintained 
over the incised area until every evidence of oozing 
had disappeared. Two days later, because his red 
cell count had dropped to 4,200,000 and his hemo- 


globin to 75 per cent, he was given a transfusion of 
450 cubic centimeters of citrated blood. 

Following transfusion the patient’s condition im- 
proved very definitely and the temperature dropped 
to a level of 99.4 to 98.2 degrees only to rise again 
by December 17 to 100.6 degrees as a definite swell- 
ing began to appear over the anterior aspect of the 
sternum. A few days later this swelling disappeared 
as the accumulated pus ruptured into the area 
previously drained by the infraclavicular incision, 
and the temperature again receded. Such a train of 
events occurred five times subsequently with local- 
ization of infection in a pocket posterior to the 
original axillary abscess January 15, lower down on 
the chest wall January 30, over the medial end of the 
clavicle February 22, over the anterior aspect of the 
right shoulder March 4, and in the middle portion of 
the supraclavicular region March 24. As each local- 
ized area was drained (two accumulations were al- 
lowed to rupture spontaneously) the patient’s 
temperature receded, and his general condition 
improved. 

He was dismissed from the hospital April 21, ex- 
actly 6 months after his admission, with all the 
drainage wounds healed and after his temperature 
had remained normal for 17 days. 

Case 7. F. C. Passavant Memorial Hospital, 
7728. September 4-October 1, 1931. 

This patient, an engineer of 35 years, on Monday, 
August 24, sustained a cut of the left thenar eminence 
from broken porcelain. He went to a physician im- 
mediately who cleansed the wound and sutured it. 
Within 24 hours the thenar area was red and tender, 
and red streaks appeared extending upward over the 
volar surface of the forearm. The sutures were im- 
mediately removed from the wound, and some thin 
bloody discharge was evacuated. A dressing satu- 
rated with mercurochrome solution was applied. 

When I first saw the patient 7 days after the injury 
he was in bed at his home and looked ill. His 
temperature was 102 degrees. The swelling about 
the site of injury had diminished, and there was 
little discharge from the open wound. The forearm 
and arm showed no evidence of active inflammation, 
but in the axilla underneath markedly indurated 
skin and subcutaneous tissue was a firm tender mass 
about the size of a baseball. The patient, who had 
been going to the doctor’s office each day for dress- 
ings, was put to bed and a large warm wet dressing 
was applied over the entire axillary area. September 
4, 11 days after the injury, he was admitted to the 
hospital. On admission his temperature was 100.8 
degrees, his pulse 88, his leucocyte count 10,600. 
The axillary mass had become a little larger, the skin 
over it had become red and inflamed and there was a 
definite sense of fluctuation over its central portion. 

The following morning under ethylene anesthesia 
the abscess was opened and a considerable amount of 
thick green pus was evacuated. Cultures of this pus 
after 48 hours showed a pure growth of a non- 
hemolytic streptococcus. Twenty-four hours after 
operation the patient’s temperature had dropped to 


e 
ul 

h 

l 

) 

: 


282 SURGERY, GYNECOLOGY AND OBSTETRICS 


normal, and remained normal for 36 hours. Septem- 
ber 7, 2 days after incision of the axillary abscess, it 
was evident that some pus had accumulated at the 
site of the injury in the palm. This was opened 
through a small incision in the line of the original 
injury. Shortly afterward the patient’s temperature 
began to rise and in 24 hours had reached 104.2 de- 
grees. At the same time redness and tenderness 
appeared over the line of the brachial vessels over 
the medial aspect of the arm. For 48 hours the 
patient’s temperature fluctuated between 98 and 
103.2 degrees and he felt and looked very ill. At the 
end of that period the temperature receded, and 
September 11 again reached normal and remained at 
a level of 98 to 99 degrees for 6 days. During this 
time the inflammatory reaction disappeared entirely 
from the hand and almost completely from the 
axilla, but the redness and inflammatory reaction 
over the medial aspect of the upper arm continued 
in spite of the persistent application of warm moist 
dressings. September 17 the temperature began to 
rise again and as it did so evidence of subcutaneous 
abscess formation appeared over the middle of the 
arm in the line of the brachial vessels. September 20 
the skin at this site broke down and thick yellow pus 
was discharged from the opening. September 22, 
under ethylene anesthesia, the infected area was 
opened more widely. The same afternoon the 
temperature, which had remained at a level of 100 to 
102.4 degrees for 4 days, again dropped to normal, 
and remained normal until the patient was dismissed 
from the hospital 9 days later. At this time there was 
only a small amount of thin seropurulent discharge 
from the open wound on the medial aspect of the 
arm, but some destruction of skin and subcutaneous 
tissue had taken place and at the edge of the denuded 
area the skin was undermined and indurated. The 
long and narrow open wound showed little tendency 
to heal, and it was more than 2 months after the 
patient left the hospital before the raw surface was 
completely covered with epithelium and _ healing 
complete. 


This group of 5 cases includes 2 of the most 
difficult cases, with the exception of the fatal 
cases, in the entire series; and the case (No. 6) 
in which the question of recovery or of a fa- 
tal outcome remained for the longest time in 
doubt. 

One important element in the seriousness 
of these cases lies in the fact that the infection 
has broken down the main line of defense— 
the axillary lymph glands, and if by any mis- 
chance in incising an abscess one breaks 
through the limiting wall of leucocytes and 
fibroblasts the liberated infectious material 
finds ready access into the open lymphatics 
that lead directly into the systemic circula- 
tion. 


The group as a whole helps to emphasize 
again the fact, so often stressed by others, that 
simply incising an abscess due to a hemolytic 
streptococcic infection can cause a recrudes- 
ence of symptoms and a severe generalized 
reaction, and that it is the part of wisdom to 
limit one’s surgical procedures to the very 
minimum—a simple incision, without retrac- 
tion, without stretching of the wound edges 
and without digital exploration of the abscess 
cavity. In Case 6 we finally permitted the 
abscesses to rupture spontaneously, and felt 
that in so doing we were giving the patient the 
greatest measure of safety. 


GROUP 3. RECOVERY WITH LATE ABSCESS 
FORMATION 


CasE 8. C. H., St. Luke’s Hospital, 258935. 
June 2-18, 1930. 

This patient, a physician of 51 years, sustained an 
injury of the volar surface of the distal phalanx of 
the right index finger Saturday, May 31, 1930. Just 
after exploring an empyema cavity with the right 
index finger he turned toward the instrument table 
and struck the gloved finger tip, covered with pus, 
against a sterile hypodermic needle attached to a 
syringe projecting over the side of the instrument 
table. He continued with the operation and paid no 
further attention to the injury. The next day the 
finger became painful and tender to the touch, and 
he was conscious of throbbing pain when he held the 
hand in a dependent position. 

I saw him first Monday morning, 42 hours after 
the injury. The distal phalanx was moderately 
swollen, and very sensitive to light touch; but it was 
not tense, as is the distal phalanx with the typical 
infection of the anterior closed space. At the center 
of the volar surface could be seen a tiny discolored 
point at the site of the puncture wound. 

I urged him to enter the hospital immediately and 
have a large warm wet dressing applied to the entire 
upper extremity. By the time he reached the hospi- 
tal, approximately 2 hours later, red streaks had 
appeared on the volar surface of the forearm and 
extended upward to the elbow. At that time his 
temperature was 98.6 degrees, his pulse 88, his 
leucocyte count 15,500. 

A large warm wet sterile dressing was immediately 
applied to the entire extremity, an electric baker 
placed over it, and administration of fluids begun. 
During the next 4 days the swelling of the finger 
gradually increased, and slowly extended to the 
hand. The patient’s temperature fluctuated be- 
tween 99 and 102.8 degrees but for the most part 
remained close to ror degrees (Fig. 2). The leuco- 
cyte count also fluctuated from day to day (Fig. 3). 
As the infection extended upward (Fig. 4) the symp- 
toms of toxic absorption became more pronounced 
and the patient complained of persistent and intense 
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pain of such a degree that hypodermics of 4 grain of 
morphine gave relief only for 2 hours. At times he 
would become irrational and think that he was at 
work in the operating room. 

June 6, 4 days after admission to the hospital, it 
was evident that the index finger was definitely en- 
larged as compared with the others. It was held in 
semiflexion but no especial tenderness could be 
elicited by gentle pressure over the tendon sheath. 
The epitrochlear and axillary glands had become 
definitely enlarged. A culture of the pus recovered 
from the empyema cavity was reported as showing a 
pure growth of a hemolytic streptococcus. 

The following day, June 7, the swelling of the en- 
tire index finger was definitely and markedly in- 
creased. Under nitrous oxide anesthesia the finger 
was opened by a lateral (radial) incision extending 
from the middle of the distal phalanx to the level of 
the metacarpophalangeal joint. Thin, milky pus 
filled both the subcutaneous tissues and the tendon 
sheath; in other words, the infectious process in- 
volved not only the tendon sheath but all the tissues 
of the finger including the soft tissues of the distal 
phalanx. Since gentle pressure over the thenar space 
caused an escape of pus from the proximal end of the 
incision in the finger the thenar space was opened 
through an incision on the dorsal surface of the hand 
at the radial side of the second metacarpal bone. 
Cultures of the pus subsequently showed a heavy 
growth of Streptococcus hemolyticus and a scant 
growth of Bacillus pyocyaneus. 

Following incision and drainage the patient’s 
condition gradually improved. Two days after 
operation a dusky red area of gangrene of the sub- 
cutaneous tissues at each side of the incision over 
the distal half of the finger became apparent, and 
eventually went on to a considerable loss of sub- 
cutaneous tissue. 

The hand was dressed daily with every care to 
maintain asepsis so as to preserve if possible the 
flexor tendons. They were still intact, but exposed 
in the depth of the wound when the patient left the 
hospital June 18. The same careful treatment, with 
dressings saturated with Dakin’s solution, was con- 
tinued at the patient’s home, but in spite of it the 
tendons became necrotic and the digital portions of 
the flexor tendons had to be removed from the 
finger. Healing of the finger was complete August 
15, 2% months after the original injury. 

CasE 9. C. D., Cook County Hospital, 1277486. 
March 18-April 2, 1932. 

This patient, a laborer of 41 years, 2 days before 
admission to the hospital stuck himself with a needle 
over the middle of the palmar surface of the middle 
phalanx of the right index finger. The next day be- 
cause of pain and swelling he “scraped it with a razor 
blade.” Twenty-four hours later he was admitted 
to the hospital with a temperature of 103 degrees, 
and a pulse of 112. The entire right hand and fore- 
arm were swollen and inflamed; red streaks were 
present along the medial side of the arm. The 
epitrochlear glands were enlarged and tender. 
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Immediately after admission a massive warm wet 
dressing was applied to the entire right upper ex- 
tremity and continuous heat applied over it. With 
continued warm wet dressings, complete bed rest, 
and a forced fluid intake the symptoms of infection 
gradually subsided. March 25, 1 week after ad- 
mission to the hospital, a large blister which had 
formed over the palm between the base of the index 
finger and thumb ruptured spontaneously and about 
an ounce of thin yellow pus was discharged. There- 
after the patient’s temperature receded to normal 
and he was dismissed from the hospital April 2 with 
a slight seropurulent discharge still present from the 
palmar wound at the base of the index finger. 

Subsequently, April 27, because the wound dis- 
charge continued and the index finger remained stiff 
in extension he was readmitted to the hospital, the 
incision made along the radial side of the index finger 
reopened and the soft oedematous and semi-necrotic 
flexor tendons removed from within the tendon 
sheath. Healing followed without further com- 
plications. 

CasE 10. M. E., Nurses’ Infirmary, Cook County 
School of Nursing. December 3, 1932-January 24, 
1933. February 28—March 16, 1933. 

This patient, a nurse of 30 years, reported to Dr. 
Paul Rhoads on the morning of December 3 with 
swelling and throbbing pain in the left thumb and 
hand. The day before she first noticed slight pain 
in the left thumb; during the night the pain became ‘ 
intense and throbbing, and by morning there was 
definite swelling involving the thumb and thenar 
area. She could recall no definite injury involving 
the thumb. 

On admission to the hospital her temperature was 
100.2 degrees, her pulse 98. The palmar surface of 
the left thumb and thenar eminence was swollen, 
red, and tender. The patient was put to bed, a large 
warm wet dressing was applied to the left upper 
extremity, and fluid given in maximum amounts. 
During the next 7 days her temperature ranged be- 
tween 08 and 102 degrees, her pulse between 80 and 
120. The area of inflammation and swelling gradu- 
ally extended upward (Fig. 5) and was more pro- 
nounced on the radial side of the hand and forearm. 
December 11 and 12, particularly, ste complained of 
tension and “drawing”’ in the hand and forearm; she 
said it felt as though the hand would burst. Any 
movement of the thumb or wrist cavsed exquisite 
pain. December 14 the patient seemed better, the 
hand and forearm were less painful, and movement 
of the thumb caused less pain. December 15 a small 
area of localized redness and fluctuation began to 
appear at about the center of the radial half and 
lower half of the volar surface of the forearm. The 
following day this area of redness and fluctuation 
was more definite and more extensive. 

On the afternoon of December 16, under nitrous 
oxide anesthesia an incision was made on the radial 
side of the forearm just volar to the subcutaneous 
border of the radius. When the fascial attachment 
of the flexor carpi radialis was divided the radial 
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bursa could be seen bulging into the wound. When 
it was opened about 4 or 5 ounces of green pus were 
evacuated from both the radial bursa and the com- 
mon flexor sheath. The sheath of the long flexor 
tendon of the thumb was then opened in the palm 
and the same type of green pus found. The flexor 
tendon of the thumb was bright and shining. 

Cultures of the pus from both forearm and hand 
subsequently showed a pure growth of a hemolytic 
streptococcus. 

Thereafter improvement was definite and pro- 
gressive but complicated by the development of two 
other conditions. 

December, 24 the patient was up out of bed for 15 
minutes for the first time. December 25 at 3:30 a.m. 
she suddenly felt a sharp vise-like pain in the left 
arm, shoulder, and left side of the chest, including 
the cardiac area. Associated with it she had 
difficulty in breathing. The duration of the attack 
was about a half hour. There was no cough or 
expectoration associated with it, but a slight rise in 
temperature, to 99.6 degrees, and an increase in 
pulse rate to 120. Physical findings were entirely 
normal. She had never had a similar attack before. 

December 26 she complained of pain in the left 
lower chest and lumbar region, a pain different from 
that present the day before and similar to pain she 
had experienced on previous occasions. Throughout 
the next day she complained of persistent pain on 
attempting to void and at 9:00 p.m. passed some 
blood clots and urinary gravel. 

January 2 she had an attack of nausea and vertigo 
associated with a subnormal temperature, a cold 
clammy skin and a rapid irregular pulse. This attack 
lasted about 3 hours. January 4 she had another 
attack of pain in the left kidney region. Thereafter 
she gradually gained in appetite and strength and 
was dismissed from the infirmary January 24 with 
the drainage incisions in the hand and forearm 
almost healed. 

February 28 she was readmitted to the Nurses’ 
Infirmary complaining of severe pain over the pre- 
cordium, tachycardia, and palpitation, shortness of 
breath, and daily fever from 99 to 99.6 degrees. She 
stated that following the initial attack of anginal 
pain December 25 she had not had any similar 
severe pains until the preceding day, but that she 
had had a constant slight pain in the chest, and 
tachycardia and palpitation on the slightest exertion. 
At 8:00 p.m. the day before admission she was sud- 
denly seized with a vise-like pain over the center of 
the chest which radiated across the precordium and 
down the left arm to the wrist. This continued for 
several minutes and was accompanied by marked 
dyspnoea and a feeling of fear that she could not 
breathe again. After a few moments the sharp pain 
disappeared, but was followed by less intense pain 
which persisted. These symptoms, with a slight 
daily rise in temperature, persisted during the 16 
days of the patient’s stay in the hospital. At the end 
of that time she was ordered to return to her home 
for a prolonged period of rest. 


Case 11. M. P., Passavant Memorial Hospital, 
16192. December 7-30, 1933. 

This patient, a woman of 59 years, sustained a 
slight penetrating wound from a chicken bone over 
the volar surface of the interphalangeal joint of the 
right thumb Sunday morning, December 3. The 
wound bled freely; it was only washed with water at 
this time. The same afternoon the patient began to 
have pain, which increased in intensity and became 
throbbing by evening. During the night she slept 
very poorly, and had several chills. Monday morn- 
ing her temperature was 102 degrees. Swelling of the 
thumb, which had begun Sunday evening, had ex- 
tended to the hand. On the advice of a physician 
hot antiphlogistine was applied to the hand, but 
without helpful effect. 

Tuesday, December 5, the swelling began to ex- 
tend up the forearm and red streaks appeared 
extending as far as the elbow. About 2:00 a.m. 
Wednesday morning, because of the intense pain, 
her physician inserted a needle into the soft tissues 
just proximal to the web between the index and 
middle fingers and between the middle and ring 
fingers, and attempted unsuccessfully to aspirate 
pus. 

On Thursday morning, December 7, when I first 
saw her she was irrational and moaning with pain. 
Her face was hot and flushed, her temperature 102 
degrees, her pulse 100. The entire hand and forearm 
were tense, inflamed, and swollen. Red lines of 
lymphatic involvement extended upward along the 
medial surface of the arm. 

She was admitted to the hospital at 11:00 a.m., a 
massive warm wet sterile dressing immediately ap- 
plied to the entire upper extremity, and an electric 
baker placed over the whole upper extremity. On 
admission her temperature was 1o1 degrees, her 
pulse 100, her leucocyte count 13,250. During the 
first 24 hours in the hospital she received 5140 cubic 
centimeters of fluid orally and by proctoclysis, and 
at no time during her stay of 24 days did the fluid 
intake fall below 2900 cubic centimeters during a 24 
hour period. 

The evening after her admission to the hospital, 
December 8, her temperature dropped to normal and 
although the swelling and tension in the upper ex- 
tremity gradually receded, severe pain, particularly 
at night, remained a distressing symptom and 
necessitated the use of codeine and aspirin in order 
to secure rest. 

December 11 the continuous warm wet dressing 
was discontinued and instead the hand was soaked 
twice daily for 15 minutes in a warm, sterile bath, 
and after each soaking dried out under the electric 
baker. During the next 10 days the patient’s con- 
dition gradually improved, her temperature remained 
at or below normal the greater part of the time and 
only on two afternoons rose above 99 degrees; once 
to 99.6 degrees, once to 99.4 degrees. The swelling 
of the hand and forearm, however, did not complete- 
ly disappear; it seemed to change from time to time 
and not to recede steadily. 
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December 21, the lower part of the forearm just 
above the wrist was definitely more swollen and pain- 
ful than it had been. The afternoon temperature 
which had been 99 degrees the day before rose to 
100.6 degrees. The white cell count which on 4 
examinations had fluctuated between 11,750 and 
14,800 rose to 18,000. December 22, the swelling 
and redness above the wrist were still more marked. 
The following morning, under nitrous oxide anesthe- 
sia and through a bloodless field, the radial bursa was 
opened through a lateral incision just volar to the 
lower end of the radius. Thick green pus in con- 
siderable amount was evacuated from the radial 
bursa and the retroflexor space above the wrist 
(Fig. 6). A second incision was made over the 
sheath of the flexor longus pollicis in the palm and a 
small amount of similar pus was released. Culture 
of the pus subsequently showed a heavy growth of 
Streptococcus viridans in pure culture. 

Recovery thereafter was rapid and uneventful. 
The temperature dropped to normal at noon 
December 24 and only once thereafter was recorded 
as above normal. The white cell count dropped from 
18,000 to 8,750 on December 24. The continuous 
warm wet dressings, which had been reapplied 
December 22, were discontinued December 27, and 
the patient dismissed from the hospital December 30 
with the operative wounds healing and with very 
little wound secretion. She returned to the hospital 
for dressings every second day for a few times and 
subsequently at longer intervals until the operative 
incisions were completely healed January 15, 1934. 

Throughout her stay in the hospital every effort 
was made to maintain the function of the hand, by 
keeping it in the position of function while it was en- 
veloped in a massive wet dressing and by keeping up 
movement of the fingers and wrist during the free 
intervals after the continuous wet dressing was dis- 
continued. When she left the hospital she could 
close the fingers into the palm fairly well, and bring 
the tip of each finger to the thumb. The range of 
movement February 21, 2 months after operation, is 
shown in Figure 7. 

CasE 12. S. J., Cook County Hospital, 1417343. 
February 27—March 24, 1934. 

This patient, a colored man of 20 years, sustained 
two small deep knife wounds of the right palm and 
a number of lacerations of the forehead and face 
Saturday night, February 24. He was admitted to 
the hospital shortly afterward, and the wounds 
cleansed and sutured; he was dismissed from the 
hospital the following day. Tuesday evening, 
February 27, he was readmitted to the hospital 
because of pain, swelling, and evidence of spreading 
infection in the right hand and forearm. The sutures 
were immediately removed from the hand and a 
warm wet dressing applied to the entire right upper 
extremity. 

When I first saw him 2 days later with Dr. Earle 
Greene the patient was obviously very ill. The en- 
tire hand and forearm were swollen, tense, and hot. 
Although his skin was very black two dusky red 


b. 
Fig. 1. Case 5. Extensive desquamation following a 
generalized, maculopapular, erythematous eruption, sub- 


sequent to a slight injury of the left thumb (a) and a 
severe spreading infection. 


bands of lymphatic involvement could be clearly 
seen extending upward along the volar aspect of the 
forearm and the medial aspect of the arm as high as 
the axilla. The treatment which had been instituted 
on his readmission to the hospital was faithfully 
continued, and fluids given in maximum amounts. 
March 9 evidence of a localizing infection on the 
radial side of the lower half of the forearm began to 
appear. Conservative treatment, however, was con- 
tinued until March 13 when it was quite certain that 
a definite abscess had developed. This was opened 
under nitrous oxide anesthesia by an incision along 
the radial side of the forearm just volar to the sub- 
cutaneous surface of the radius, and by a second 
incision through the palmar skin and fascia at the 
site of the larger original wound, a half inch to the 
radial side of the midline of the palm and one inch 
distal to the wrist joint. Thick gray pus was 
evacuated from the abscess in the retroflexor space, 
which extended ulnarward to the midvertical line of 
the forearm and upward 2! inches from the wrist 
and, through the second incision, from underneath 
the palmar fascia. (It was obviously from infection 
introduced underneath the palmar fascia through 
the wound distal to the wrist joint that the acute 
spreading infection had developed.) 

Cultures made from the pus subsequently showed 
a pure growth of a hemolytic streptococcus. 

Following incision and drainage healing took place 
rather rapidly. By continually urging the patient to 
keep his hand in a position of supination, and by 
beginning movement of the fingers soon after incision 
of the abscess a fair degree of mobilization of the 
fingers and wrist had been attained when the patient 
was dismissed from the hospital March 24, with the 
drainage wounds granulating and with little wound 
discharge remaining. The function of the fingers and 
hand May 1, 314 months after the initial injury, is 
shown in Figure 8. 

CasE 13. A. R., Passavant Memorial Hospital, 
16053. November 25—December 9, 1933. 
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DATES 


Operation 


Fig. 2. Case 8. Temperature and pulse curve of patient with pancellulitis of index finger following puncture wound of 


distal phalanx. 


This patient, a housewife of 40 years, on Saturday, 
November 4, while cutting carrots sustained a cut, so 
slight that it did not bleed, on the volar surface of 
the right thumb at the level of the interphalangeal 
joint. On the following Monday or Tuesday it be- 
came painful. She applied iodine to the thumb and 
began soaking the hand in hot boric solution. The 
swelling increased rapidly involving particularly the 
thumb and thenar area; the index and middle fingers 
also became stiff and painful. 

Saturday, a week after the initial injury, she first 
consulted a physician, who advised hospitalization. 
She was admitted to the South Haven (Michigan) 
Hospital the same day, and 2 days later the volar 
and dorsal surfaces of the thumb were incised under 
ether anesthesia. 

Two weeks later, November 25, she was admitted 
to Passavant Memorial Hospital where I saw her for 
the first time. On admission her temperature was 
100 degrees, her pulse 124, her leucocyte count 
22,500. The urine was heavy with albumin and 
casts, and contained from 3 to 8 red blood cells and 
from 50 to 60 pus cells in each high power field. 

The hand and forearm were markedly swollen and 
inflamed (Fig. 6). Thick pus was draining profusely 
from the incision over the volar surface of the thenar 
eminence (Fig. 9, a). The hand was held fixed in a 
position of pronation and volar flexion at the wrist; 
the fingers were flexed into the palm. 

Under nitrous oxide anesthesia and through a 
bloodless field an incision was made first over the 
ulnar bursa in the palm to make certain whether the 
infectious process had extended distalward along 
the ulnar bursa from the forearm into the hand 
(Fig. 9, c). At this point the subcutaneous tissues 
were not oedematous and the normal appearing 
flexor tendons of the little finger could be seen 
shining through the tendon sheath. The sheath was 
not opened. A second incision was made above the 
wrist just volar to the subcutaneous margin of the 
ulna (Fig. 9, d) and a large amount of thick pus 
evacuated from the retroflexor space. On gentle 
‘palpation the cavity was found to extend across to 


the radial border of the forearm (Fig. 9, e) and up- 
ward to the middle of the forearm. The incision 
which had been previously made over the volar sur- 
face of the thumb was enlarged so as to drain ade- 
quately the sheath of the flexor pollicis longus in the 
palm (Fig. 9, c) and expose the fragmented and semi- 
necrotic flexor tendon. Large warm wet dressings 
were applied as high as the shoulder and an electric 
baker placed over the extremity. 

Cultures of the pus obtained from the retroflexor 
space in the forearm subsequently showed a heavy 
mixed growth of hemolytic streptococcus and 
Bacillus pyocyaneus, and a few colonies of Staphylo- 
coccus aureus. 

Following operation the patient improved slowly 
but steadily. November 20, 4 days after operation, 
intermittent soaking of the hand and forearm in a 
sterile bath was substituted for the continuous warm 
wet dressing and in the intervals the hand laid on a 
light aluminum splint designed to bring it into dorsal 
flexion at the wrist and permit movement and 
particularly extension of the fingers. December 2 
the albumin and red cells had disappeared from the 
urine and the leucocyte count dropped to gtoo. 
December 5 her temperature for the first time did not 
rise above 99 degrees. She was dismissed from the 
hospital December 9 with the drainage wound on the 
ulnar side of the forearm red and granulating, but 
with considerable discharge still present from the 
incision over the flexor tendon of the thumb. The 
latter diminished rather rapidly after the remains 
of the necrotic flexor tendon were lifted from the 
wound. 

Following her dismissal from the hospital every 
effort was made gradually to increase the move- 
ments of the fingers, which were almost fixed in 
flexion when she was admitted to the hospital, and 
to overcome the tendency to maintain the hand in 
pronation and volar flexion at the wrist joint. The 
progress attained in these respects is indicated in the 
photographs obtained February ro (Fig. 10). 

CasE 14. J. R., Passavant Memorial Hospital, 
13564. April 1-18, 1933. 
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9,000 


Fig. 3. Case 8. Graph showing variation in leucocyte count during stage of acute infection. 


This patient, an iceman of 35 years, sustained a 
ut over the palmar surface of the interphalangeal 

oint of the left thumb from a piece of tin projecting 
‘rom an ice box on Friday morning, March 31. On 
iwakening at 5:30 the next morning he noticed pain 
ind tenderness and slight swelling over the palmar 
ispect of the thumb. These symptoms increased 
during the day. At 3:00 p.m. he was sent to a physi- 
cian, who froze the thumb with ethyl chloride and 
incised it. Within a few moments the patient was 
seized with a chill and complained of feeling very ill. 
He was immediately put in a cab and brought to the 
hospital. 

When I first saw him at the hospital at 4:15 p.m. 
his temperature was 103.8 degrees, his pulse 96; he 
was still trembling and complaining of feeling cold. 
The left thumb was bleeding at the site of the palmar 
incision in the distal phalanx. The entire thumb was 
dusky and moderately swollen. A broad red band 
could be seen extending upward along the middle of 
the volar surface of the forearm, turning posteriorly 
over the medial aspect of the elbow. A large warm 
wet dressing was immediately applied to the entire 
upper extremity and forced administrations of fluids 
begun. 

During the next 4 days the patient’s temperature 
fluctuated between 100 and 104.6 degrees, his pulse 
between 80 and 110. He complained bitterly of the 
persistent pain, and was constantly drenched in 
perspiration. His leucocyte count on admission was 
18,200; April 4 it had dropped to gtoo. On April 4 
the tension and tenderness over the entire palm, the 
exquisite pain produced by even slight passive ex- 
tension of the semiflexed fingers, the numbness of 
the finger tips, the tension and tenderness over the 
wrist joint, and the tense brawny swelling of the 
volar surface of the forearm pointed toward the ex- 
tension of infection upward along the radial and into 
the ulnar bursa (Fig. 11), and possibly already 
rupturing from the burs into the retroflexor space 
above the wrist. The persistent presence, however, 
of a band of redness, an inch in width, extending up- 
ward over the medial aspect of the arm, the obvious 
prostration of the patient and the sharp drop in the 
leucocyte count made us very apprehensive that any 


operative procedure would be followed by a severe 
reaction and a rapidly developing and probably fatal 
septicemia. 

Conservative treatment was therefore continued. 
April 5 the temperature fell a little lower, and 2 days 
later dropped below 100 degrees for the first time. 
April 6 the hand and forearm were both less tense 
and the red band over the medial aspect of the arm 
had disappeared. April 10 although the upper two- 
thirds of the forearm were still swollen the tense 
brawny induration had been replaced by a rather 
soft oedema. April 11 the leucocyte count had risen 
to 13,200 and the lower third of the forearm was be- 
ginning to show a slight bulging swelling as compared 
with the upper two-thirds. By this time, because of 
the constant application of the warm moist dress- 
ings, considerable maceration and superficial nec- 
rosis had taken place, particularly over the volar 
and dorsal aspects of the wrist (Fig. 12). 

April 13 under nitrous oxide anesthesia the hand 
and forearm were incised. The four typical incisions 
for drainage of the ulnar bursa in the palm, of the 


Fig. 4. Case 8. Diagram showing site of injury and 
extension of infection. Stippled area indicates extent of 
intense inflammatory reaction; solid black area, site of 
abscess formation. 
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Fig. 5, left. Case 10. Diagram showing site of injury and 
extension of infection. Stippled area indicates extent of 
intense inflammatory reaction; solid black area, site of 
abscess formation. 

Fig. 6. Cases 11 and 13. Diagram showing sites of 
injury and extension of infection. Stippled area indicates 
extent of intense inflammatory reaction; solid black area, 
site of abscess formation. 


flexor tendon sheath of the little finger, of the retro- 
flexor space above the wrist and of the tendon sheath 
of the flexor pollicis longus in the palm were made. 
Pus was evacuated through each incision. Cultures 
of the pus obtained from the ulnar bursa in the palm 
(the first space incised) subsequently showed a pure 
growth of a non-hemolytic streptococcus. 


Fig. 7. Case 11. Degree of function present 12 weeks 
after injury, and 9 weeks after incision and drainage of 
tendon sheath of flexor pollicis longus in the palm, and 
of radial bursa and retroflexor space in the forearm. 


Following operation the patient improved rather 
rapidly. From April 15 to 18, the day of his dismissal 
from the hospital, his temperature ranged from 98.2 
to 100 degrees and reached the latter level only once 
during the 4 days. April 18 he was transferred to 
another hospital so that he might be under the direct 
care of his company doctor. 

The condition of his hand 6 weeks and 9 months 
after operation is shown in Figures 13 and 14. 

CasE 15. S. P., Passavant Memorial Hospital, 
6289. April 28-May 29, 1931. 

This patient, a butcher of 45 years, accidentally 
scratched the volar surface of his left thumb while at 
work Monday, April 20. He paid no attention to the 
injury and continued with his work. In the evening 
the thumb felt stiff and painful, but no treatment 
was instituted. He continued work for the next 3 
days, but by the evening of April 23, the entire hand 
and wrist had become swollen, red, and painful. In 
spite of increasing symptoms of inflammation and of 
upward extension of the infection he refused to enter 
the hospital until the afternoon of April 28. At that 
time his temperature was 104.2 degrees, his pulse 
104. The entire left hand, wrist, and forearm were 
tremendously swollen and inflamed. Over the dor- 
sum, particularly, the skin was tense from tension 
and over a few small areas superficial necrosis had 
already taken place. Above the area of diffuse red- 
ness, red streaks of lymphatic extension could be 
seen extending upward above the elbow. 

With constant application of large warm wet 
dressings to the entire upper extremity the process 
gradually subsided and then receded in a step like 
descent. By May 9 it was obvious that a localized 
abscess had formed over the dorsum of the meta- 
carpus, and a small incision was made under nitrous 
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Fig. 8. Case 12. Degree of function present 13 weeks after injury, and 11 weeks 
after incision and drainage of retrofascial space in the palm and of radial bursa and 


retroflexor space in the forearm. 


oxide anesthesia over the dorsum of the second 
netacarpal. 

Cultures of the thin pus evacuated subsequently 
showed a pure culture of a hemolytic streptococcus. 

Warm wet dressings were continued for another 7 
days; then intermittent soaking and dry dressings 
were substituted for the continuous wet dressing, 
and movement of the fingers begun. When the 
patient was dismissed from the hospital May 29 the 
drainage wound was almost healed and he was 
moving his fingers fairly well. 

CasE 16. H. B., Cook County Hospital, 1272431. 
February 17—March 1, 1932. 

This patient, a laborer of 54 years, sustained a 
superficial laceration over the dorsum of the middle 
metacarpophalangeal joint of the right hand in a fist 
fight Monday afternoon, February 15. Wednesday 
morning he awoke with a severe pain in the hand, 
and was admitted to the hospital at 2 o’clock the 
same afternoon. 

On admission his temperature was t1o1 degrees, 
his pulse 88, and he was obviously very ill. The hand 
was greatly swollen, the dorsal surface was dusky, of 
a reddish purple color. Over the middle metacarpo- 
phalangeal joint was a small laceration from which 
thin pus was draining. Definite red streaks extended 
upward over the dorsum of the forearm and medial 
surface of the arm. No glands could be palpated in 
the epitrochlear region or axilla. 

Massive warm wet dressings were applied im- 
mediately to the entire extremity and continuous 
heat maintained over them with a “light cradle.” 
The routine of forced fluids and continued bed rest 
was faithfully carried out. During the succeeding 5 
days swelling and redness gradually extended farther 
proximalward until it reached the junction of the 
upper and middle thirds of the arm; then it began 
gradually to recede. On February 24 it was evident 
that a considerable accumulation of pus had formed 


under the skin over the metacarpus (Fig. 15). This 
was drained under nitrous oxide anesthesia by a 
single incision over the center of the fluctuating area. 
A considerable quantity of pus was evacuated. 
Smears of the pus showed large numbers of strepto- 
cocci and clusters of staphylococci. Cultures of the 
pus subsequently showed both the streptococcus and 
staphylococcus to be hemolytic. 

Warm wet dressings were reapplied to the hand 
and forearm and continued for 4 days. Intermittent 
soakings, followed by dry dressings, were then sub- 
stituted for the continuous warm wet dressings and 
the wound discharge was very markedly diminished 
when the patient was dismissed to the out patient 
department March 1. 

CasE 17. E. B., Passavant Memorial Hospital, 
8794, 9013. December 14, 1931-January 2, 1932; 
January 6-16, 1932. 

This patient, a physician of 35 years, while per- 
forming an autopsy Sunday morning, December 13, 
sustained a slight knife cut over the dorsum of the 
left little finger just distal to the proximal inter- 
phalangeal joint. He stated that the autopsy was on 
the body of a patient who had died of a bone 
sarcoma; that 25 days earlier an autopsy had been 
performed on the body of a patient with a virulent 
streptococcic infection, and that 2 other autopsies 
had been performed in the interim. Immediately 
after the injury he took off his glove and kept his 
hand wet until the autopsy was completed, some 20 
minutes later. He then washed the finger with 80 per 
cent alcohol solution and applied a dressing. 

At 9:30 p.m. he first noticed pain about the site of 
injury. He held the hand for an hour under warm 
running water and then applied a dressing saturated 
with hexylresorcinol. At 2:00 a.m. he awoke with 
sharp pain and a feeling of tension about the site of 
injury. He applied a warm boric dressing and went 
back to sleep; at 4:00 a.m. he again awoke with pain 
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a. b. 

Fig. 9. Case 13. Infection of tendon sheath of flexor 
pollicis longus, of radial bursa, and of retroflexor space of 
forearm after a slight injury of volar surface of thumb. 
a, b. Before operation. c, d, e. Immediately after opera- 


in the hand. At that time he first noticed red streaks 
extending up the forearm and arm. His temperature 
at that time was 103 degrees. 

I first saw him at 9:00 a.m. Monday, 22 hours 
after the injury. A small amount of seropurulent 
discharge was oozing from the 4 inch cut on the dor- 
sum of the little finger. The dorsal surface of the finger 
was swollen; the hand was slightly swollen. On the 
dorsum of the forearm were several irregular and in- 
distinct red streaks. Over the middle of the medial 


aspect of the arm were two distinct red streaks, 


¥% inch wide and 3 inch apart, extending straight 
upward to the axilla. No axillary glands could be 
palpated. 

When he reached the hospital, a half hour later, 
his temperature was 100.6 degrees, his pulse 98, his 
leucocyte count 18,800. A large warm wet dressing 
was immediately applied to the entire left upper ex- 
tremity and an electric baker placed over it. 

During the succeeding days the patient became 
intensely ill. The swelling and inflammation of the 
hand gradually increased and extended upward 
above the elbow. A peptic ulcer, which had previous- 
ly responded well to mucin treatment, flared up and 
gave him very acute distress. December 16 the red 
streaks had completely disappeared. December 18 
the swelling and inflammation had reached to the 
junction of the lower two-thirds and the upper one- 
third of the arm. There it remained stationary for 
a few days, and then gradually began to recede. 
December 22 the redness and swelling had practically 
disappeared from the arm, and the forearm was less 
swollen; a sense of deep fluctuation over the dorsum 
of the hand suggested that localization might be 
taking place. December 23 a large, thin walled 
blister had formed over the dorsum of the meta- 
carpus. When the blister was punctured considera- 
ble thin gray pus escaped and a small opening could 
be seen in the skin over the middle of the metacarpus 


d. e. 


tion. Note in c exploratory incision for examination of 
ulnar bursa in palm, and incision for drainage of tendon 
sheath of flexor pollicis longus in palm; and in d incision 
for drainage of retroflexor space in forearm. 


from which similar pus was escaping. Culture of this 
pus subsequently showed a heavy growth of a 
hemolytic streptococcus and an occasional colony of 
staphylococci. 

The continuous warm wet dressing, which had 
been replaced by an intermittent wet dressing for 3 
days, was reapplied but no attempt was made to 
enlarge the small drainage wound or to facilitate the 
escape of pus. During the next 24 hours there was a 
profuse discharge of thin grayish purulent material 
and the opening in the skin increased to a diameter 
of %inch. Twenty-four hours later, on Christmas 
day, the patient had a chill; his temperature, which 
had been remaining at a level of 99 to 100 degrees, 
rose abruptly to 103.8 degrees and his leucocyte 
count to 26,000 (Fig. 16). There was no evidence 
of thrombophlebitis, but a little more swelling and 
redness of the lower forearm with some indications 
of abscess formation there. A second opening also 
appeared distally and to the ulnar side of the first 
opening, and in the meantime the first had increased 
somewhat in size. During the next 24 hours the tem- 
perature dropped almost as abruptly as it had risen, 
and reached normal at noon December 26. There- 
after it did not rise above 98.8 degrees. The wound 
discharge gradually diminished, and as it did so the 
redness and swelling of the forearm receded. 

January 6 the wound discharge had become sero- 
purulent and very thin. The raw surface on the 
dorsum of the metacarpus had increased to a 
diameter of 34 inch and was becoming covered 
with granulation tissue (Fig. 17, a). The dorsum 
of the fingers, hand and wrist was constantly of a 
dusky red color but the inflammatory reaction had 
practically disappeared from the forearm. When the 
patient was dismissed from the hospital January 19 
the open wound at the site of drainage was almost 
healed. 

The final result is shown in Figure 17 b, c. 
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Fig. 10. Case 13. Degree of function present 4 months after operation. 


Case 18. M. D., Nurses’ Infirmary, Cook County 
School of Nursing. March 25—May 6, 1933. 

This patient, a nurse of 21 years, scratched herself 
on the dorsum of the right thumb with her left 
thumb nail 2 days before admission to the hospital. 


The day after the injury the right thumb became 
sore; the same evening she noticed signs of inflamma- 
tion and a red streak extending upward along the 
dorsal aspect of the thumb. She was admitted to the 
hospital on the following day on the service of Dr. 
Paul Rhoads with a temperature of 100 degrees, and 
a pulse of 136. At that time the redness and swelling 
had extended upward to the middle third of the fore- 
arm and the patient complained of intense pain in 
the inflamed area. A large warm wet dressing was 
immediately applied to the right upper extremity 
and external heat maintained over it. 

During the next few days the inflammatory process 
gradually extended proximalward, and as it did so 
the swelling of the dorsum of the hand became less 
indurated. The patient’s temperature in the mean- 
time fluctuated between 98 and 103 degrees, her 
pulse between 96 and 142, and her leucocyte count 
between 19,000 and 13,600. March 29 under nitrous 
oxide anesthesia three longitudinal incisions were 
made over the dorsum of the hand by Dr. Edwin 
Miller and a considerable amount of yellow pus 
evacuated. Cultures of this pus subsequently 
showed a pure growth of a hemolytic streptococcus. 

In spite of the liberation of pus from the dorsum 
of the hand the inflammatory process continued to 
extend upward. March 31 a second operation was 
performed by Dr. Miller, and an incision 12 inches 


long was made from the dorsum of the hand almost 
to the elbow. Through this incision a considerable 
amount of free pus and sloughing tissue was evacu- 
ated from the dorsal aspect of the forearm. 

When I saw the patient first on April 3 she was 
complaining of pain over the medial aspect of the 
arm. The soft tissues above the elbow were red and 
inflamed, but not indurated. Massive warm wet 
dressings were applied as high as the shoulder and 
conservative treatment advised. Thereafter the in- 
flammatory process gradually subsided and no 
further extension took place. April 25 Dr. Miller 
was able to excise the granulation tissue from the 
forearm wound, undermine the skin edges and bring 
them together with silk sutures. No reaction de- 
veloped after this procedure and the patient was dis- 
missed May 6 with the drainage wounds almost 
healed, but with a short rough systolic murmur at 
the apex which was not present when the patient 
was admitted to the infirmary, and which Dr. 
Rhoads believed had developed during the course of 
her infection. 

Following her discharge from the hospital she re- 
mained at home until June 26 and during that period 
gained 20 pounds in weight. On her return to duty 
the systolic apical murmur first noted May 2 was 
still present but she showed no evidence of cardiac 
embarrassment. 

CasE 19. R.K., 1340936. Cook County Hospital. 
February 17-28, 1933. 

This patient, a girl of 4 years, was admitted to the 
children’s surgical ward with a history of pain and 
swelling of the left forearm of 5 days’ duration. She 
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first complained of tenderness and pain Sunday 
night, February 12. The next morning a doctor who 
was called noted that the child was feverish and fret- 
ful, and that there was limitation of motion of the 
left upper extremity. By Wednesday the forearm 
had become swollen and red “in spite of the cold 
applications and the rubbing with oil of winter- 
green,” as prescribed. 

On admission February 17 the patient was feverish 
and irritable. Her temperature was 103.2 degrees, 
her pulse 100, her leucocyte count 16,800. The palm 
of the left hand was swollen and tense, the entire 
forearm inflamed, brawny, and indurated. There 
was some swelling above the elbow. A large warm 
wet sterile dressing was applied to the entire upper 
extremity and a “light cradle” kept over it con- 
tinuously. 

Four days later it was obvious that liquefaction 
had taken place and that the brawny indurated mass 
had become converted into a sac of pus. Through a 
2 inch incision on the medial aspect of the lower end 
of the forearm a large quantity of thick fluid pus, 
lying superficial to the deep fascia, was evacuated. 
Cultures made from the pus subsequently showed a 
pure growth of a hemolytic streptococcus. Follow- 
ing incision recovery took place rapidly and the 
patient was dismissed from the hospital February 28 
with a flat granulating wound at the site of the 
drainage incision. 

Although in this case we had no history of an in- 
jury of the hand as the etiological factor for the 
rapidly spreading infection, the course of events so 
closely simulates that seen in a number of other cases 
that we feel justified in including this case with the 
group under discussion. 

CasE 20. J. R., 1257693. Cook County Hospital. 
November 24, 1931-February 10, 1932. 

This patient, a workman of 28 years, sustained a 
penetrating wound of the dorsum of the left hand 
just distal to the metacarpophalangeal joint of the 
middle finger, from a steel nail, 36 hours before ad- 
mission to the hospital. He paid no attention to the 
injury at the time of its occurrence, but 12 hours 
later pain became so severe that he was unable to 
sleep, and at the same time he noticed swelling and 
red streaks extending upward toward the elbow. 

On admission to the hospital the hand was swollen 
and oedematous, particularly on its dorsal aspect. A 
small puncture wound could still be seen over the 
base of the middle finger. Numerous red lines were 
present over the forearm and arm extending upward 
to the cubital and axillary fosse. “‘Hot spreads” 
were applied and antitetanic serum given. 

When I first saw the patient 3 days later his 
temperature was fluctuating between 100 and 103 
degrees; his pulse between 110 and 120. The entire 
left upper extremity had become swollen, inflamed, 
and indurated. The superficial tissues over the 
dorsum of the hand and wrist were undergoing 
necrosis and thin yellow pus was oozing from these 
areas. Here and there over the dorsum of the fore- 
arm were large blisters filled with thin turbid fluid. 


The whole extremity had a dusky, cyanotic tinge, 
and over the medial aspect of the arm were still 
present red bands indicating the extension of the in- 
fection along the main lymphatic trunks. The ap- 
pearance of the upper extremity at that time is well 
illustrated in the colored frontispiece (Fig. 18). 

For the next week conservative treatment was 
continued; the entire extremity above the wrist was 
kept enveloped in a large warm wet sterile dressing; 
over the hand and wrist, because of the maceration 
and necrosis of the superficial tissues, dressings 
saturated with Dakin’s solution were applied and 
changed twice in each 24 hours. Fluid was given in 
maximum amounts and pain controlled with opiates. 
From November 27 to December 5 the patient’s 
temperature ranged from 99 to 103.4 degrees; the 
pulse from 88 to 120. December 5 evidence of 
softening appeared over the dorsum of the forearm, 
and within 48 hours the diffuse brawny induration 
which had extended from the wrist to the axilla was 
replaced by widespread softening and fluid forma- 
tion. December 7, under nitrous oxide anesthesia, 
two longitudinal incisions were made in the forearm 
and one above the elbow so as to secure maximum 
and dependent drainage. Liquid pus literally poured 
from each incision; it seemed as though the entire 
mass of subcutaneous tissue had been transformed 
into fluid and stringy necrotic material. At no point 
was there evidence that the infection involved the 
deeper tissues or that abscess formation had taken 
place underneath the deep fascia. 

Thereafter recovery was slow, but uneventful. 
December 21 the patient’s temperature became 
normal. December 23 two incisions were made in 
the forearm to secure better drainage, for in two 
areas wound discharge tended to become pocketed 
underneath the overlying skin. As invariably hap- 
pens with drainage incisions made on the dorsum of 
the forearm, wide separation of the skin edges at the 
sites of incision took place, and healing was delayed 
by this separation and because of the extensive 
necrosis of skin and superficial tissues on the dorsum 
of the hand and wrist which had occurred in the 
course of the first week. 

When the patient was dismissed from the hospital 
February 10 the granulating wounds were quite 
small. The appearance of the hand and forearm and 
the range of movement present March 15, 1932, are 
shown in Figure 19. 

CasE 21. M.H., Cook County Hospital, 1321918. 
November 7—December 14, 1932. 

This patient, a Mexican workman of 45 years, 
sustained a slight penetrating wound from a piece of 
wire over the dorsum of the metacarpophalangeal 
joint of the left middle finger 5 days before admission 
to the hospital. Pain, redness, and swelling of the 
dorsum of the hand appeared within 12 hours. 

On admission to the hospital the entire hand and 
forearm were inflamed, markedly swollen, and in- 
durated, the swelling had already extended above 
the elbow, and over the medial surface of the arm 
were two distinct red bands extending to the axilla. 
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Several large blisters had formed over the dorsum 
of the hand and wrist, underneath them necrosis of 
the skin had taken place, and from the open wounds 
there was a profuse discharge of light yellow sero- 
purulent fluid. 

Shortly after admission the entire upper ex- 
tremity was surrounded with a massive warm wet 
sterile dressing and external heat was applied over 
it with the aid of a “light cradle.” This treatment 
was continued for the next 5 days, fluids were given 
in as large amounts as possible, and sedatives to 
control the pain. In spite of the fact that his re- 
corded temperature and pulse rate did not rise above 
102 degrees and 108 during this period, the patient’s 
condition obviously became increasingly serious. 
During this period, also, the swelling of the hand 
and forearm gradually increased and involvement of 
the arm became more marked. Except over the 
dorsum of the hand, where the tissues had broken 
down, the swelling was everywhere brawny, in- 
durated, and resistant to the touch; the entire upper 
extremity was livid, with a persistent cyanotic tinge. 

On the fifth day after admission to the hospital a 
diffuse softening of the firm and indurated sub- 
cutaneous tissue began to develop in the upper ex- 
tremity. Within 48 hours the entire forearm and arm 
were literally transformed from a uniformly tense, 
indurated mass into an elongated sac of pus. On the 
seventh day, under nitrous oxide anesthesia, three 
vertical incisions were made at the most dependent 
portion of the extremity as the patient lay with his 
arm extended—one over the lower portion of the 
forearm, one over the upper, and one above the 
elbow. Liquid pus literally poured from each in- 
cision; the entire mass of subcutaneous tissue seemed 
to have been converted into fluid and stringy 
necrotic material, but the process did not extend 
beneath the deep fascia nor were the muscles or 
tendons exposed. 

Following operation the patient’s temperature 
promptly dropped to normal, the abdominal pain 
and distention, which had developed during the days 
immediately preceding the operation, disappeared 
and recovery gradually took place. A profuse puru- 
lent discharge from the operative incisions persisted 
for some time, but gradually diminished with the aid 
of irrigation with Dakin’s solution and care not to 
reinfect the open wounds. 

The patient was dismissed from the hospital 
December 14, 1932, exactly 1 month after operation, 
with the raw surfaces almost healed. At that time 
the largest unhealed area and the greatest amount of 
scar tissue formation were over the dorsum of the 
hand and wrist, where necrosis of the superficial 
tissues had been most marked and had taken place 
early in the course of the disease. 

CasE 22. E. N., Cook County Hospital, 1402782. 
December 15, 1933-January 20, 1934. 

Six days before admission this patient, an under- 
nourished and rather frail old man of 68 years, fell 
and injured his right hand. He was treated at the 
Green Street Shelter, but swelling and inflammation 
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began soon after the injury, and gradually involved 
the forearm and arm. 

On admission to the hospital on the evening of 
December 15 he was obviously very ill; his tempera- 
ture was 103.6 degrees, his pulse 92. The hand, fore- 
arm, and arm were inflamed, swollen, tense, and 
indurated. Over the dorsum of the thumb was a 
small infected ulcer. The epitrochlear glands were 
enlarged and tender. 

The entire upper extremity was enveloped in a 
warm wet dressing and forced administration of 
fluids begun. For the next 7 days this treatment was 
maintained, although in view of the patient’s age 
and general condition it seemed unlikely that he 
could overcome the widespread infection. During 
this time he was constantly irrational and incon- 
tinent; his recorded temperature ranged between 100 
and 103.6 degrees, his pulse between 88 and 104. 

December 22, 7 days after admission, it was evi- 
dent that the indurated subcutaneous tissue had 
undergone extensive liquefaction. Under local 
anesthesia with 1 per cent novocain the forearm and 
arm were incised and a profuse amount of pus 
liberated. Following operation his condition gradu- 
ally improved. His temperature dropped to normal 
December 27; at the same time the involuntary 
urination and defecation ceased, except for an occa- 
sional lapse, and in spite of pressure sores which had 
developed during the period of incontinence he was 
able to sit up in a wheel chair on January 6. 

The profuse purulent drainage from the forearm 
and arm gradually diminished with the aid of ir- 
rigation with Dakin’s solution, and, later, daily 
soakings in warm sterile soapy water; and he was 
discharged from the hospital January 20 with only a 
slight amount of serous drainage at the site of the 
operative incisions. 


This group of cases, in which the inflam- 
matory process advanced very rapidly at first, 
then more slowly, then became stationary, 
and finally receded, is of particular interest 
because it is especially in this group of cases 
that we believe the function of the hand and 
in some cases the patient’s life were saved by 
careful nursing and careful surgical treatment. 

A number of interesting facts stand out in 
connection with this third group. First, that 
infections arising on the palmar surface of the 
hand and fingers are particularly serious, and 
that of the infections arising on the dorsum 
those which begin in the middle finger spread 
upward most rapidly. These clinical observa- 
tions are in accordance with two facts, pointed 
out by Poirier and Cunéo and frequently 
emphasized by Kanavel, that the collecting 
lymphatics of the hand and forearm pass from 
the volar to the dorsal surface and then extend 
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proximalward (Fig. 19); and, second, that 
while the collecting lymphatics from the 
ulnar side of the hand drain into the epitroch- 
lear glands, and those from the radial side of 
the hand into the axillary glands, the lym- 
phatic vessels from the middle of the hand 
tend to pass by epitrochlear and axillary 
glands and drain into the supraclavicular 
glands, or even into the main lymphatic 
channels that join the subclavian vein 
(Fig. 21). 

With reference to the first fact—that the 
direction of lymphatic drainage is from the 
volar to the dorsal aspect of the hand and 
forearm—it seems unquestionable that the 
flow of lymph from a site of inoculation on the 
palmar surface of the hand not only involves 
all the deeper cellular tissues of the hand as 
the infection is carried’ proximalward and 
dorsalward but that it can also result in infec- 
tion of one or more of the synovial lined 
cavities—the tendon sheaths, the radial and 
ulnar burs, and the joints of the wrist or 
carpus—as the lymphatic stream drains 
proximalward. Once infection enters such a 
space it tends to spread rapidly and without 
hindrance throughout the extent of the space. 
Absorption from such an extensive area is 
marked; it can be likened to the absorption 
which takes place on a larger scale from the 
large serous cavities in the abdomen and 
chest. Further, secondary extension into all 
the adjacent tissues will undoubtedly take 
place rapidly if a wide area of involvement, 
such as an infection of the entire radial bursa 
for example, is present. 

If the original site of inoculation, on the 
contrary, is on the dorsum of the hand the 
direction of lymphatic drainage from this site 
is upward toward the elbow and axilla, but not 
toward the volar surface of the forearm and 
arm. As the infection spreads the latter areas 
gradually become involved by direct exten- 
sion, but the involvement affects particularly 
the subcutaneous tissues, and we have not at 
any time seen abscess formation within a 
flexor tendon sheath or within the radial or 
ulnar bursa in a patient in whom the infection 
started in a wound of the dorsal surface of the 
hand. In other words, if the infection begins 
on the palmar surface of the hand because of 


the direction of lymphatic drainage the entire 
hand and forearm become involved; if the 
infection arises on the dorsum the tendency 
is for it to spread upward in the subcutaneous 
tissues and remain confined to the dorsal 
surface and to the subcutaneous tissues of the 
volar surface. 

The course of events in this group of cases 
followed one of three fairly distinct and char- 
acteristic patterns, and we believe this fact 
also deserves emphasis. The first pattern was 
seen in patients with infections beginning on 
the volar surface of the hand (Cases 8-14). 
In these cases the early symptoms, in addi- 
tion to rapidly ascending inflammation and 
rapidly increasing swelling of the hand, of the 
forearm, and in some cases of the arm, were 
persistent, excruciating, throbbing pain, and 
a feeling of excessive tension. These patients 
persistently complained that the hand and 
the lower part of the forearm felt as though 
they would burst. On gentle palpation one 
could not find evidence of excessive tension 
over the area complained of; nor, in the 
cases in which the infection began in the 
thumb (Cases, 10, 11) did there seem to be 
an increase of pain on gently extending the 
thumb—a symptom to which Kanavel ascribed 
the greatest importance in recognizing the 
presence of infection within the tendon sheath. 
After a few days these symptoms become less 
marked, though we never noticed in these 
cases any diminution of sensation in the area 
of median or ulnar nerve distribution,' a well 
recognized but late symptom of infection 
spreading from the radial to the ulnar bursa, 
or vice versa, through the common flexor 
sheath above the wrist. 

After varying periods the swelling and ten- 
sion recurred, but the second time with 
definite symptoms of a localizing infection— 
localized redness, localized swelling, and 
fluctuation. When this area of localized infec- 
tion was finally incised and drained, healing 
took place rather rapidly. 

Interestingly enough in both of these cases 
(Nos. ro and 11) as well as in a third case 
(No. 13) of this group in which the infection 
began on the volar surface of the thumb, the 


‘We cannot say that this may not have been present; it was not 
consistently looked for. 
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abscess formation took place in the tendon 
sheath of the flexor pollicis longus, the radial 
bursa, and the common flexor sheath above 
the wrist, but did not extend into the ulnar 
bursa within the palm and the tendon sheath 
of the little finger (Figs. 5, 6). This fact sug- 
gests the possibility that when pus forms 
rather slowly within a serous lined cavity 
‘the tendon sheath), as a result of lymphatic 
drainage into it rather than direct inocula- 
tion of the opened sheath, there is time for a 
walling off process to develop,! and rapid 
extension along all the communicating chan- 
nels is not so likely to take place, particularly 
if some barrier, such as the taut anterior 
annular ligament pressing upon the bursa 
irom above, is present to help obstruct the 
pathway. In the only case (No. 14) of this 
group in which the infectious process did 
extend along all the communicating channels 
i.e., from the tendon sheath of the thumb and 
radial bursa into the ulnar bursa, distalward 
in the palm and finally into the digital sheath 
of the flexor tendons of the little finger (Fig. 
11)—the extension took place rapidly and the 
symptoms of such extension were present 4 
days after the initial injury. Because of this 
patient’s serious condition, however, opera- 
tion was delayed in the belief that early inci- 
sion would prove disastrous, and the actual 
demonstration of the spread of infection was 
delayed for 13 days. In Cases 10 and 11, on 
the other hand, definite symptoms of infec- 
tion within the sheath of the long flexor 
tendon of the thumb and within the radial 
bursa were not present for 14 and 20 days 
respectively, after the onset of the infectious 
process and in these cases the suppurative 
process did not extend along the entire path- 
way, i.e., it did not extend into the ulnar 
bursa within the palm and the digital sheath 
of the little finger (Figs. 5, 6). 

The 2 other patterns in this group were seen 
in patients with infection beginning on the 
dorsum of the hand. In these cases one of two 
things occurred. In certain cases (Nos. 15~18) 
the swelling and inflammatory reaction ex- 
tended rather rapidly up the forearm, then 
more slowly up the arm and finally came to a 

'The slowly penetrating gastric ulcer with local peritonitis, as dis- 


tinguished from the acute perforation with rapidly developing and wide- 
spread peritonitis may offer an analogy. 
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halt at a level somewhere between the level 
of the elbow and the shoulder. After remain- 
ing stationary for from 24 to 72 hours the 
swelling and inflammatory reaction gradually 
began to recede and eventually abscess forma- 
tion took place, usually over the dorsum of 
the metacarpus. In 4 other cases (Nos. 19-22) 
the swelling and inflammatory reaction pro- 
gressed in the same way until the whole upper 
extremity was tremendously swollen and 
diffusely indurated. After remaining appar- 
ently stationary for several days, rather 
suddenly, within 24 or 48 hours, the tense 
and indurated subcutaneous tissue was trans- 
formed into fluid and the upper extremity 
changed from an indurated cylindrical mass 
into an elongated sac of pus.? When this 
was opened and drained it was found that 
the liquefaction and pus formation was con- 
fined to the subcutaneous tissues, and lay 
entirely outside the deep fascia. 


GROUP 4. FATAL CASES 


CasE 23. V. M., Jasper County Hospital, 
Rensselaer, Indiana. June 10, 1933. 

This patient, a frail 4 year old girl, sustained an 
abrasion of the hypothenar eminence of the left hand 
on June 6. The hand was washed and bandaged. 
Two days later a dry crust had formed at the site of 
injury. The same afternoon she fell in the street, 
striking the hypothenar eminence of the same hand 
against the curb. The dry crust was broken and 
some bleeding took place. 

The following evening, June 9, because she com- 
plained of a sore throat, she was taken to the office 
of Dr. M. D. Gwin. He found the tonsils and 
pharynx acutely reddened, but no yellowish patches 
or membrane could be seen. The mucous membrane 
of the mouth and gums was normal. Over the hypo- 
thenar eminence of the left hand was a dark crust 
surrounded by a circle of acute inflammatory re- 
action. The patient’s temperature was 103 degrees. 
The hand was dressed with a wet dressing and the 
patient told to report the next day. 

The next morning, according to the mother’s 
statement, a bluish area had appeared at the center 
of the palm. The parents and patient immediately 
started for the hospital 15 miles away, but by the 
time of their arrival the entire hand had become 
swollen and cyanotic. The patient was immediately 
put to bed, a massive warm wet dressing was applied, 
and fluids were given by proctoclysis. In spite of 
these measures the swelling and cyanosis extended 
upward with almost incredible rapidity. When I 
saw the child at 5:00 p.m. she was very restless and 

2This is the type of case which Kanavel has described so well under 


the heading ‘‘Gangrenous Infections” (Infections of the Hand, 6th ed., 
pp. 238-247). 
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tossing about in delirium. The swelling had involved 
the entire upper extremity and the hand itself had 
become cold and lifeless. During the remaining 5 
hours of life the discoloration and cyanosis continued 
to spread, and had involved practically the entire 
body when the child died at 10:00 p.m., 54 hours 
after the second injury. 

Case 24. V. M., Nurses’ Infirmary, Cook County 
School of Nursing. April 1-7, 1932. 

This patient, a nurse of 24 years, pricked her right 
thumb with a pin the day before admission to the 
infirmary. Soon after she noticed pain and redness 
in the thumb. Two days before admission she had 
received her first immunizing dose of scarlet fever 
toxin, and the evening before admission she felt 
chilly, had a headache, sore throat, and diffuse 
muscular pains. 

She was admitted to the infirmary under the care 
of Dr. Paul Rhoads at 3:00 p.m., April 1, obviously 
acutely ill, with a temperature of 104 degrees, and a 
pulse of 126. The right thumb was red, swollen, and 
tender, particularly over the palmar aspect of the 
distal phalanx. The palm and dorsum of the hand 
were not yet involved. Red streaks of lymphatic 
involvement extended upward along the volar sur- 
face of the forearm toward the antecubital fossa. 
The leucocyte count was 21,600, with 84 per cent of 
polymorphonuclear cells. A large warm wet dressing 
was applied to the right upper extremity and forced 
administration of fluids begun. 

When I saw her first on the afternoon of April 4 
she was complaining bitterly of persistent pain in the 
hand and forearm. The swelling and inflammatory 
process had extended upward, and now gave the 
picture of an acute, diffuse cellulitis involving the 
entire hand and forearm. Over the palmar surface 
of the distal phalanx of the thumb at the site of the 
original injury was a vesicle filled with dark serum. 
Over the medial aspect of the arm were red lines 
extending toward the axilla. Although the patient 
complained of intense pain, gentle movement of the 
thumb toward extension did not cause exaggeration 
of the pain. 

During the succeeding days her condition grew 
steadily worse. April 6 the thumb, index finger, and 
thenar eminence had become gangrenous and the 
phlegmonous process had involved the entire arm. 
Although her temperature fluctuated between 098 
and ror degrees until 24 hours before death her 
pulse rose in almost an unbroken line from a level of 
100 just after admission to 170 just before death at 
1:40 p.m., April 7. 

Cultures of the serum obtained from the blister on 
the patient’s thumb showed a pure growth of a 
hemolytic staphylococcus. A blood culture remained 
sterile after a number of days’ incubation. 

CasE 25. P. F., Nurses’ Infirmary, Cook County 
School of Nursing, October 16-20, 1932. 

This patient, a graduate nurse of 28 years, pricked 
the volar surface of the distal phalanx of the left 
- thumb with a safety pin October 15. Within a few 
hours she noticed redness and swelling of the thumb, 
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and by evening red streaks on the volar surface of 
the forearm. 

She was admitted to the Nurses’ Infirmary on the 
service of Dr. Paul Rhoads the evening of the follow- 
ing day with a temperature of 99.4 degrees and pulse 
of 74. The palmar surface of the distal phalanx of 
the left thumb was swollen and red. Red streaks of 
lymphatic extension could be seen on the radial side 
of the lower half of the forearm. A massive warm 
wet dressing was immediately applied to the entire 
upper extremity. _ 

During the next 48 hours both the local inflam- 
matory condition and the patient ’s general condition 
grew steadily worse. The swelling and inflammation 
which had begun in the thumb extended upward to 
the thenar area and the radial side of the forearm. 
She complained bitterly of intense throbbing,“ thump- 
ing’’ pain in the thumb, hand, and forearm, which 
was only temporarily lessened by sedatives. Both 
Dr. R. T. Vaughan, who saw her October 17, and 
Dr. Edwin M. Miller, who saw her October 18, ad- 


vised continuation of conservative management and © 


of administration of fluid in maximum amounts. 

When I saw her on the evening of October 18 her 
temperature was 100 degrees, her pulse 110. A small 
area of superficial necrosis had developed about the 
site of the original pin prick; the tips of the index 
and middle fingers had become white and insensitive. 

The following morning the superficial tissue over 
the localized area of necrosis on the distal phalanx of 
the thumb was lifted away and a little thin sero- 
purulent fluid underneath taken for culture. This 
subsequently showed a pure growth of a hemolytic 
streptococcus. No demonstrable exotoxin could be 
obtained by Dr. Rhoads from the filtrate of this 
organism. During the day the patient’s pulse rose 
steadily; she complained persistently of pain, and 
moaned and tossed in a toxic delirium. Her abdo- 
men gradually became distended, and as the swelling 
of the hand and forearm progressed the distal two 
thirds of the thumb became cyanotic. She died at 
noon, October 20, just 5 days after the initial injury. 

CasE 26. E. B., Garfield Park Hospital, 30903. 
January 21-23, 1930. 

This patient, a housewife of 35 years, sustained a 
slight cut of the right index finger as she was peeling 
an orange on Saturday, January 18. At noon of the 
following day, when she first became aware of pain 
and swelling involving the finger and hand, she ap- 
plied warm boric acid dressings every half hour, 
phenol and yellow oxide paste “to draw it,” but no 
relief was obtained. 

Tuesday morning, January 21, she consulted Dr. 
W. A. James, and at 10:00 a.m. of the same day was 
admitted to the hospital with a temperature of 99.4 
degrees and a pulse of 86. On admission it was noted 
that the arm was “tense, hot, and swollen from the 
shoulder down.” Shortly after admission a blood 
count showed 56,200 leucocytes with 94 per cent 
polymorphonuclear cells. Hot boric compresses 
were immediately applied to the entire right upper 
extremity. 
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Because of the obvious seriousness of the patient’s 
condition Dr. James called a second surgeon into 
consultation, who advised immediate operation. At 
1:45 p.m. under ethylene anesthesia incisions were 
made on each side of the volar surface of the fore- 
arm, 2 to 3 inches above the wrist and an equal dis- 
tance below the elbow, and four rubber drains were 
inserted underneath or between the flexor tendons 
from one side of the forearm to the other. 

Wednesday, January 22, although her tempera- 
ture had aot risen above 99.6 degrees or her pulse 
above 110, she was obviously worse. Dr. James 
noted, “The pulse is rapid. The hand is pale and 
cyanotic. There is extension of the infection above 
the elbow; there is great pressure (tension) in the 
arm.” 

At 1:30 p.m., at the insistence of the consultant 
who had made the incisions in the forearm the day 
before, she was again taken to the operating room 
and incisions made above the elbow for through and 
through tube drainage. 

At 9:30 p.m. she was given 50 cubic centimeters of 
antistreptococcic serum. When I saw her shortly 
afterward she was sitting up in bed with face flushed, 
eyes alert and the appearance of a person under the 
influence of some powerful artificial stimulant. Her 
temperature was 99.6 degrees, her pulse 120. The 
forearm and arm were greatly swollen. Thin serous 
fluid was oozing from beside the drains which had 
been inserted in the forearm and arm. The hand 
was cyanotic and cold. The thumb, index, and 
middle fingers were lifeless and insensitive. 

Because of the comparatively brief duration of the 
infectious process, the high leucocyte count, the 
absence of high fever, and the apparent sturdy con- 
stitution of the patient (she appeared to be a strong 
woman of 165 to 175 pounds) I advised amputation 
of the arm at the insertion of the deltoid. To this the 
husband could not make up his mind to consent un- 
less a third physician, a personal friend, concurred 
in the recommendation. Before this friend could be 
reached 3 hours had passed by. The change that 
had taken place in the meantime was startling. In- 
stead of appearing bright and alert the patient was 
obviously failing rapidly and profoundly toxic. Had 
I not urged amputation so insistently 3 hours before 
I would probably have had the courage when consent 
was finally given to admit that it was then too late. 

Operation was carried out as rapidly as possible, 
but it was of no avail, and the patient died 6 hours 
later, at 7:35 a.m. January 23, less than 5 days after 
the initial injury. 

CasE 27. J. B., Methodist Episcopal Hospital, 
Indianapolis, Indiana. December 20-24, 1929. 

This patient, a physician of 61 years, sustained a 
penetrating wound of the volar surface of the distal 
phalanx of the left middle finger Wednesday evening, 
December 18. He had opened an infected blister 
for a patient during the afternoon and immediately 
replaced the scissors in his instrument bag. Later, 
in reaching quickly into the bag he struck the middle 
finger against the point of the scissors. He im- 


KOCH: ACUTE RAPIDLY SPREADING INFECTIONS OF HAND 


207 


mediately painted the finger with several antiseptics, 
including phenol. Thursday, a cold day, he took a 
long walk and became chilled. In the evening the 
finger began to throb and pain. 

He was admitted to the hospital Friday morning 
on the service of Drs. J. H. Wynn and R. Wynn S. 
Owen and it was noted, ‘The left middle finger is 
swollen, dark, discolored, with appearance of de- 
veloping gangrene. There is some swelling of the 
palm. There is lymphangitis extending to the elbow 
and some epitrochlear enlargement. There is no 
axillary adenopathy. Patient is very toxic. No 
heart murmurs can be heard.” 

In spite of the application of large warm wet dress- 
ings the inflammatory process extended upward and 
the patient’s condition grew steadily worse. Sunday 
morning, December 22, Dr. Wynn noted that the 
purplish discoloration of the middle finger had be- 
come more marked, and a similar change was de- 
veloping in the little finger. Swelling of the hand 
and forearm had become more extensive and dark 
blebs were appearing on the palm and over the volar 
surface of the wrist. 

When I first saw him in consultation with Dr. 
Owen at 10:00 p.m. Sunday, December 22, the 
patient looked sick and feverish, his cheeks were 
hollow , his face moist. He was very restless and 
anxious. His temperature was 102 degrees, his pulse 
110. The left hand was markedly swollen, the fore- 
arm moderately swollen; red lines and a band of 
lymphatic extension were present on the inner aspect 
of the arm. Both on the palm and dorsum of the 
hand were many blebs with thin serous fluid oozing 
from them. The middle and little fingers were 
purple, the middle apparently completely gangrenous 
and lifeless from the web distalward; the little finger 
was not so completely involved. There was no in- 
crease of pain on extending the fingers. The thenar 
eminence was very tense and thickened, with almost 
a sense of fluctuation. Just above the annular liga- 
ment there was definite swelling, but not marked 
induration. When the skin forming the blebs was 
cut away the underlying tissues appeared red, 
cedematous, almost gelatinous in spots, due to the 
intense cedema of all the tissues. 

The question of amputation was considered, but it 
seemed to us unlikely that the patient would be able 
to withstand the shock of such an operation, and 
improbable that the septic process would be checked 
even by a high amputation. 

For the remainder of the history I am indebted to 
Dr. Owen. Throughout Monday, December 23, the 
patient’s condition grew steadily worse. RAales over 
the bases of the lungs which had appeared December 
21 became more distinct and were heard over a wider 
area. The breath sounds over the right base became 
less clear. On December 24 the patient became ir- 
rational and the sclere tinged with yellow. The 
spreading gangrene had involved all the fingers and 
there was beginning discoloration over the wrist. 
The swelling of the forearm and arm were practically 
unchanged. 
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Death occurred shortly before midnight December 
24. 
Case 28. W. K., Woodlawn Hospital, 1040. 
September 2-14, 1928. 

This patient, a sturdy steamfitter of 48 years, 6 
feet 2 inches tall, and weighing about 200 pounds, 
stated that he had sustained a sliver wound of the 
left index finger on Saturday morning, September 1. 
In the afternoon he went to a moving picture show, 
and there became aware of intense discomfort in his 
finger. A little later he consulted a physician who 
applied an ointment and a dressing to the finger. By 
evening the finger had become swollen and intensely 
painful. Within another 12 hours the swelling had 
involved the entire hand, and he felt very ill and 
feverish. 

Sunday morning, September 2, he was admitted 
to the Woodlawn Hospital on the service of Dr. 
James T. Gregory, with a temperature of 100.4 de- 
grees and pulse of 100. On admission, in addition to 
the pain and swelling of the hand, he complained 
particularly of weakness; he was unable to walk 
without assistance and had fainted twice before 
reaching the hospital. It was noted by the admitting 
interne, ‘‘The hand is badly swollen, there are 
lymphatic streaks to upper arm, the patient is toxic.”’ 

Hot boric dressings were applied to the hand and 
the patient given, first allonal at 9:00 a.m. and an 
hour later 1/150 gr. scopolamine hypodermically. 
At 10:30 it was noted “patient tossing and turning 
continuously.” At 11:55 a.m. because he was ex- 
tremely restless and slightly irrational he was given 
‘4 grain of morphine hypodermically, this was re- 
peated at 1:00 p.m., 5:45 p.m., and 11:45 p.m. 

The next day the interne noted, “‘ Much worse in 
every way; hand developing blisters”; and the nurse 
noted, “‘ Dressing changed; large amount of bloody 
drainage from third finger. Patient has two large 
blisters on back of hand.” The blisters were opened 
a little later in the day and a considerable amount of 
bloody fluid evacuated. 

Tuesday, September 4, a blood examination 
showed 4,000,000 red cells, 19,600 white cells, and 
hemoglobin of 80 per cent. At noon, under ethylene 
anesthesia the hand was examined by Dr. Gregory. 
The record states, ‘‘Examination of hand; probed; 
found thrombosis; nothing done.” 

At 7:00 p.m. of the same day when I first saw the 
patient, the entire hand and forearm were greatly 
swollen, the arm less so. Red streaks of lymphatic 
involvement were present on the medial surface of 
the arm. The thumb, index, and middle fingers were 
grayish purple in color, and from these fingers the 
skin was separating in large grayish patches. Over 
the areas where the skin had been lifted away the 
underlying tissues were swollen and reddish purple, 
like raw beef steak which has been exposed to the 
open air. Under ethylene anesthesia the middle 
palmar space and the ulnar bursa above the wrist 
were opened. A small amount of thin pus was ob- 
tained from both spaces. A large wet sterile dressing 
was applied from the finger tips to the shoulder. 
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September 5 the interne noted, “‘ Necrosis of hand 
more extensive; lymphangitis more marked in upper 
arm and shoulder.” 

During the succeeding days, although the patient’s 
general condition varied from time to time, he 
steadily lost ground. The temperature, which had 
ranged between 99.6 and 102.4 degrees from Septem- 
ber 2 to the afternoon of September 5, gradually be- 
came higher. The pulse rate remained remarkably 
constant, varying from 88 to 108. 

September 8 he became irrational again and there- 
after his mental condition became more and more 
confused. On the same day the blood culture was 
reported as showing a short chain streptococcus, and 
it was noted, ‘‘ Hand gangrenous, line of demarcation 
appearing.” September 9 it was noted that the 
shoulder was very red and swollen. September 11 he 
began to have involuntary urinations and defeca- 
tions, and large reddish purple blotches began to 
appear over the face and left side of the body. On 
the same day his temperature began to rise to a 
higher level, and from that day until the evening of 
his death, September 14, showed an almost un- 
broken rise from 102 degrees at 8:00 p.m. September 
11 to 107 degrees just before death. The recorded 
pulse rate during the last 4 days was not above 118. 

CasE 29. J. H., Cook County Hospital, 1398675. 
November 25—December 22, 1933. 

This patient, a workman of 57 years, who appeared 
to be 10 years older, was admitted to the hospital 7 
days after sustaining a penetrating wound from 
broken glass on the volar surface of the left forearm! 
1 inch above the wrist. 

On admission to the hospital his temperature was 
99.8 degrees, his pulse 88. The entire left hand and 
forearm were diffusely swollen, red, and tender. A 
small amount of very thin seropurulent fluid was 
draining from the oblique volar wound just above 
the wrist. A large ‘“‘hot spread” was applied to the 
entire upper extremity. When I saw the patient first 
4 days later his temperature was 103 degrees and he 
was obviously very ill. He talked incoherently and 
complained persistently of pain. There was a diffuse 
cellulitis of the hand, wrist and forearm with marked 
oedema. Above the elbow were broad red streaks of 
lymphatic involvement extending proximalward 
toward the axilla. 

After 2 days, during most of which time his 
temperature had been 103 degrees or higher and his 
mental condition unimproved, because I thought a 
localized accumulation of pus had developed under- 
neath the flexor tendons and beneath the site of the 
original injury an incision was made on the ulnar 
side of the forearm just volar to the subcutaneous 
edge of the ulna, and some thin pus, similar to that 
which had been draining from the superficial wound, 
evacuated. 

During the next 3 days his condition gradually im- 
proved and his temperature receded, though he re- 

1Although the initial injury in this case was upon the forearm and 
not the hand this case and No. 19 are included as the course of events 


was identical with that seen in the majority, and because of the special 
interest associated with the site of localization of the infectious process. 
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mained very unco-operative, was irrational much of 
the time and having involuntary evacuations the 
greater part of the time. December 5 his temperature 
which had dropped to a level of 1o1—-102.6 degrees 
(rectal) again began to rise to a level of 103.6-104 
degrees, his pulse became irregular, and he became 
semi-stuporous. At the same time a persistent cough 
developed with numerous moist rales over both sides 
of the chest posteriorly and expectoration of con- 
siderable amounts of mucus. Three days later a large 
reddened area appeared just above the buttocks, and 
this gradually gave way with the formation of a large 
bedsore. For days he remained irrational and in- 
coherent, with continuous high fever and continuous 
involuntary evacuations. It seemed almost incredi- 
ble that he could still cling to life in view of the 
severity of the infection and his inability to take food 
though fluid intake was maintained by hypoder- 
moclysis and glucose solution given intravenously. 

By December 15 the inflammatory process in the 
left hand and forearm had receded very definitely 
and a boggy fluctuating mass had developed over the 
dorsum of the metacarpus. This was incised without 
removing the patient from his bed, and a considera- 
ble quantity of thin grayish pus liberated. There- 
after his temperature again receded for a few days, 
but the diffuse pulmonary involvement which had 
appeared 10 days before gradually became more 
marked; consolidation developed in both lower lobes 
and the patient died December 22 from an extensive 
bilateral bronchopneumonia. 

CasE 30. E. E. P., St. Mary’s Hospital, Streator, 
Illinois. May 17-28, 1932. 

This patient, a physician of 57 years, sustained a 
superficial tangential knife cut on the radial side of 
the middle phalanx of the left index finger while per- 
forming an autopsy Sunday, May 15, 1932. Monday 
a blister had formed at the site of injury. Tuesday 
he was admitted to the hospital and the finger ‘‘ was 
opened”; subsequently he developed chills and a 
temperature of ror degrees. 

When I saw the patient first on Wednesday 
evening, May 18, in consultation with Dr. Gordon 
Perisho, there was diffuse swelling of the entire index 
finger and slight swelling of the thenar area, with 
tension and throbbing pain in the finger and extend- 
ing into the palm. The finger was held in slight 
flexion; on moving it slightly into extension there 
was no pain, but if further extension was attempted 
the pain was definite. There was moderate swelling 
of the palm, some redness of the forearm and arm 
with red bands of lymphatic involvement extending 
proximalward. The patient’s temperature had 
ranged between 102.2 degrees, on admission, and 
08.6 degrees. 

A large warm wet dressing was applied to the en- 
tire upper extremity and administration of fluid in 
maximum amounts begun. The patient was per- 
suaded, with some difficulty, that he must remain 
quietly and constantly in bed. I did not see him 
again and am indebted to Dr. Perisho for the sub- 
sequent history. 
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In spite of the continued application of a massive 
warm sterile dressing the infectious process con- 
tinued to spread. On Monday, May 23, 8 days after 
the initial injury, under gas anesthesia the finger was 
opened widely and drained. The following day the 
patient complained that the left foot felt numb. It 
was noted shortly afterward that the foot had become 
cold and that no pulse could be felt in the posterior 
tibial artery or the dorsalis pedis. May 26 he began 
to hiccough and continued to do so during the day 
and most of the night. By May 27 the spreading 
infection had extended upward and involved the 
entire forearm, and the left foot had become 
gangrenous. Death occurred shortly after noon May 
28. 

CasE 31. R. S., Passavant Memorial Hospital, 
13313. March 6-9, 1933. 

This patient, a 22 year old worker in an automobile 
assembling plant, sustained a number of small super- 
ficial slit-like cuts on the lateral aspect of the distal 
phalanx of the left index finger about February 27th. 
Iodine was applied over the cuts and no further 
attention paid to the injury. March 2, 3 days later, 
while at work he had several severe chills and on 
coming home in the evening complained of general- 
ized aching pain, headache, and weakness. A 
physician who was called found the patient’s 
temperature 103 degrees, his pulse 110. He noted 
two small superficial cuts on the left index finger and 
an area of localized tenderness in the left axilla. 
Otherwise the physical examination was negative. 

From March 2 to March 5 the patient was treated 
at his home under a diagnosis of influenza. On the 
evening of March 5 swelling and redness appeared 
over the left side of the chest and the left side of the 
neck, and the physician then realized that the pa- 
tient was suffering from an_ extensive spreading 
cellulitis secondary to an infection beginning in the 
left index finger. 

On admission to the hospital on the service of Dr. 
Michael Mason at noon, March 6, the patient was 
obviously very ill. His temperature was 104 degrees, 
his pulse 134, his leucocyte count 8,300. A wide- 
spread area of cellulitis was present involving the 
left shoulder, left axilla, the left side of the neck, and 
the left side of the chest as far down as the waist. 
This entire area was red, swollen, and indurated, 
with no indication of localization at any point. 

In spite of massive warm wet dressings and forced 
administration of fluids the patient’s condition grew 
steadily worse; the area of inflammation continued 
to extend upward, downward, and anteriorly over 
the chest wall, and he died shortly after midnight 
March 8, 60 hours after his admission to the hospital. 

At autopsy, shortly after death, it was noted that 
the swelling had reached the level of the left ear 
above and the level of the trochanter below; it ex- 
tended to the midline of the chest at the level of the 
nipple, 4 to 5 centimeters beyond the posterior 
axillary line at the level of the axilla, and as far down 
the arm as the insertion of the deltoid. On dissection 
of the left axilla and left side of the neck the sub- 
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Fig. 11. Case 14. Diagram showing site of injury and 
extension of infection. Stippled area indicates extent of 
intense inflammatory reaction; solid black area, site of 
abscess formation. 


cutaneous tissues and intermuscular spaces were 
found everywhere infiltrated with thin, grayish, 
turbid fluid which subsequently on culture showed a 
pure growth of a hemolytic streptococcus. The 
other anatomical findings were those of an acute 
septicemia (hemorrhagic serofibrinous pleurisy; 
acute splenitis; petechial hemorrhages in renal pelvis 
and under pericardium and pleura; cloudy swelling 
of myocardium, liver, and kidneys). 

Case 32. C. D. B., Cook County Hospital, 
1263061. December 27-29, 1931. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


This patient, a laborer of 49 years, was seriously 
ill when admitted to the hospital the evening of 
December 27. His temperature was 103 degrees, his 
pulse 120. He was irrational and unable to give an 
account of ‘his trouble. His son stated that the 
patient had sustained a slight injury over the dorsum 
of the left hand a few days before December 21. In 
spite of local applications the hand and forearm be- 
came swollen and inflamed. On December 21 the 
swelling had reached the elbow, and the patient’s 
temperature 103 degrees. December 22 he became 
irrational and about the same time jaundice of the 
skin and sclere was noted. He was seen by a 
physician daily until December 25; on that day sugar 
was found in the urine, and the physician advised 
hospital care. 

On admission to the hospital the entire left upper 
extremity above the hand was greatly swollen and 
inflamed. Although the hand itself was still swollen 
other inflammatory signs had practically subsided; 
over the dorsum of the middle metacarpophalangeal 
joint was the thickened scar of the original injury. 
The patient was feverish, deeply jaundiced, and 
stuporous. Addition of 30 drops of urine did not 
cause reduction of Fehling’s solution, but the test for 
acetone was positive. 

A massive warm wet dressing was applied to the 
entire left upper extremity, fluids were given in 
maximum amounts and glucose intravenously. 
These therapeutic measures were entirely without 
helpful effect; the patient became increasingly 
stuporous and the jaundice more intense. The acute 
inflammatory process continued to extend over the 
shoulder and left side of the body and the patient 
died 51 hours after admission. 


These 10 cases constitute practically one- 
third of the cases reported in this paper, and 
one-fifth of the cases observed, if the less 
serious cases in which an acute spreading 
infection which subsided rather promptly 
(within from 2 to 10 days) and without 
localization or abscess formation are in- 
cluded. 

In 7 of these cases symptoms of spreading 
infection developed within an average of less 
than 19 hours from the time of injury. Death 
occurred 8.5 days after the injury. In 2 
cases (Nos. 23 and 31) an injury occurred 
several days before the onset of symptoms. 
In Case 23 a second definite injury was fol- 
lowed by development of symptoms of infec- 
tion in less than 24 hours, and by death 54 
hours after the second injury. In Case 31 
there was not a definite history of a second 
injury, but no evidence of infection followed 
until 3 days after the original injuries; then 
within 5 or 6 hours symptoms of spreading 
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‘ig. 12. Case 14. Acute spreading infection following 

ury of volar surface of thumb with subsequent exten- 

n into tendon sheath of flexor pollicis longus, radial 

rsa, common flexor sheath, ulnar bursa, and sheath of 

sor tendons of little finger. a, b,c. Appearance of hand 

-t before operation, 14 days after injury. Note swelling 

d oedema of dorsum of hand and wrist, and swelling of 

‘earm just above anterior annular ligament. d. Appear- 

ce immediately after operation. Note incision for drain- 
oe of ulnar bursa in palm and bulging at ulnar side of 
\rist just anterior to site of incision for drainage of retro- 
exor space in forearm. Because of position of hand inci- 
sions for drainage of sheath of flexor pollicis longus and of 
‘exor tendons of little finger cannot be seen. 

Fig. 13. Case 14. Appearance of hand 6 weeks after 
operation. Note areas over which superficial necrosis was 
present (Fig. 12) are completely healed. 

Fig. 13, a. Fig. 13, b. Fig. 13, c. 


Fig. 14, a. Fig. 14, b. Fig. 14, c. Fig. 14, d. Fig. 14, e. 


Fig. 14. Case 14. Degree of function present 9 months after operation. 
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Fig. 15. Case 16. Acute spreading infection following 
superficial laceration over dorsum of metacarpophalangeal 
joint of right middle finger. Eventual localization and 
abscess formation over dorsum of metacarpus. 


infection developed, and death followed 4 
days after the first appearance of symptoms. 

Of the 10 fatal cases 3 had been operated 
upon one or more times before the patient 
was seen in consultation. Five had already 
developed gangrene of one or more fingers 
when first seen.! 

The course of events in this group of cases 
helps to emphasize certain facts. First, that 
injuries of the volar surface of the hand and 
forearm are of all most serious, and most 
likely to go on to a rapidly spreading infec- 
tion that cannot be arrested. Of the 1o fatal 
cases the initial injury was upon the volar 
surface of the hand in 6 cases, and on the 
volar surface of the forearm just above the 
wrist in 1 case. In 2 cases the initial injury 
was on the lateral surface of the left index 
finger. In only 1 case was the initial injury 
on the dorsum of the hand; and in that case 
the injury involved the important middle 
finger from which the lymphatics frequently 
lead directly upward into supraclavicular 
glands or the main lymphatic pathways 
above the axilla. 

Secondly, these cases, as well as those in 
which recovery took place, emphasize the fact 
that trivial injuries should not be neglected,” 


1Of the cases which developed gangrene of one or several fingers 
none recovered. 


2Only the cases in which an acute rapidly spreading infection fol- 
lowed a trivial injury are included in this series. During the same period 
in which the above cases were seen a still larger group was seen in which 
a severe and rapidly spreading infection followed a lacerated or incised 
wound or a crushing injury of the hand or forearm. 
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and that the site of such an injury should bc 
protected from infection from without unti 
healing is complete. Several of the case; 
described above, we believe, were not infectec 
with the organisms which produced the 
fatality at the time of the original injury, but 
were inoculated through the unhealed wounc 
some days later. This seems the more prob. 
able because in the majority of cases it was 
only a matter of hours between the time of 
the original injury and the development oi 
symptoms; and because in 1 of the cases 
mentioned (Case 23) a second definite injury 
occurred at which the original wound was 
broken open. In this case the second injury 
was followed by a rapid development oi 
serious symptoms. 

Third, the moment symptoms of infection 
appear in a finger or hand the patient should 
be treated by the most effective measures for 
combating infection which we have at our 
command. ‘They are simple, but definite: 
massive warm wet dressings, elevation of the 
part, administration of fluids in maximum 
amounts, rest in bed. Too often these 
measures are delayed for 24 or 48 hours, and 
an infection, which might have been checked 
by bringing the normal defensive mechanism 
into action promptly, gains rapid headway 
and quickly passes beyond control. 

The question is frequently asked, “What 
should the surgeon do when he accidentally 
pricks his finger with an infected needle, or 
when he sustains a penetrating wound while 
working with infected cases?”’, and ‘Should 
he cauterize such a wound tract with cauter- 
izing agents, or with an actual cautery or 
attempt to sterilize it with chemical agents?” 
The methods of treatment mentioned have 
always seemed to us illogical. It is obviously 
impossible to know or to see how deeply or in 
exactly what direction a needle, for example, 
has penetrated the tissues. If one cauterizes 
or sterilizes with powerful chemical reagents 
nine-tenths of a wound tract and leaves un- 
touched the deepest one-tenth virulent organ- 
isms left in the depth of the wound are 
immediately supplied with favorable condi- 
tions for bacterial growth: warmth, moisture, 
and devitalized tissue; and the development 
of infection is actually favored. 
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DATES 
2-19 12-26 | 


| pevere chill, 
drainage high fever 


12-15 


»00 


ig. 16. Case 17. Graph showing variation in leucocyte 
‘unt during stage of acute infection. 


A forceful argument in favor of this conten- 
‘ion has recently been added by the experi- 
mental work of Hudack and McMaster in 
demonstrating the rapidity of diffusion of 
dyes through the lymphatics of the living 
skin. With the aid of the binocular microscope 
and photographs (Fig. 22) made with a 
microcinema camera these workers found 
that within 30 seconds after beginning an 
intradermal injection “the plexus of lym- 
phatics showed dye over an area 14 to 15 milli- 
meters in diameter, and in 45 seconds the 
colored plexus was 2.5 centimeters wide. 
Within 1 minute and 15 seconds the outlines 
of the vessels first entered became blurred by 
dye that had escaped secondarily from them 
into the interstitial spaces through the lym- 
phatic wall... .” 

Many experiments led them to conclude 
“that all slight breaks in the physical barrier 
of the skin yield opportunity for the passage 
of dissolved foreign matter into the skin 
lymphatics, and that the slightest penetra- 
tion beneath the epithelium opens these ves- 
sels to the entrance of particulate matter.” 


Fig. 17. Case 17. Acute spreading infection following 
knife cut of dorsum of little finger, with eventual localiza- 
tion and abscess formation over dorsum of metacarpus. 
a. Appearance of hand 13 days after localization of infec- 
tion and spontaneous drainage. b, c. Appearance of 
hand 2% years afterward. 


Further these workers found that, “5 min- 
utes after the injection dye can usually be 
seen 15 centimeters away from the injection 
spot in the draining lymphatic trunks, render- 
ing visible those which lie in the subcutaneous 
fat. In two instances dye has been perceptible 
in the draining trunks of the axillary portion 
of the arm 8 minutes after an intradermal 
injection of o.10 cubic centimeter of patent 
blue V into the volar surface of the forearm.” 
In another case dye could be seen in the 
lymphatics almost as high as the axilla 6 
minutes after an injection into the volar 
surface of the forearm. 

Further studies were made by Hudack and 
McMaster with intradermal injections of 
toxins to which dye solution had been added 
in a ratio of 1 part to 20 or to 10 parts of 
toxin. In these cases the injected material 
entered the lymphatic capillaries and passed 
along the anastomosing channels just as did 
the dye solution. 

In view of all these facts it is impossible to 
believe that even if one could visualize an 
infected wound tract perfectly he could steril- 
ize it with a cautery or with chemical reagents 
simply because of the rapidity with which 
infected material is carried along the lym- 
phatic channels and away from the site of 
injury. Until it is possible to develop methods 
of identifying bacterial types and strains with 
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Fig. 19. Case 20. Result 4 months after healing of incisions made for drainage 
of a widespread suppurative process involving entire dorsum of hand, forearm, and 


lower half of arm. (See frontispiece.) 


rapidity and certainty and of obtaining spe- 
cific antitoxins for them our best resource in 
treating patients with such injuries lies in 
helping to insure the efficient working of the 
method nature has used for many centuries 
in combating infection; namely, rest, mobili- 
zation of the resistant parts of the body by 
production of an active hyperemia, and 
elimination. 

Once evidence of rapidly spreading infec- 
tion has developed the unwisdom of attempt- 
ing to arrest it by active surgical treatment 
has been amply demonstrated. The increased 
permeability of the lymphatics after slight 
injury as from ultraviolet light or after 
inflammatory change, demonstrated by Hu- 
dack and McMaster in the experiments 
referred to, furnishes a very logical explana- 
tion of this frequently observed clinical fact. 
Only 1 case of those reported (No. 2) in 
which operation was carried out early, during 
the period of active extension of infection, 
survived, and this patient in our judgment 
survived in spite of the operation. On the 
other hand when conservative treatment was 
carried out until there was positive and 
unequivocal evidence of localization of infec- 
tion (cases in groups 2 and 3) recovery almost 
always took place rather rapidly after drain- 
age of the localized infection had been insti- 
tuted. 


Finally, it has often been said, and we 
believe with unanswerable logic, that every 
infected wound should be treated with the 
same scrupulous care with reference to asepsis 
that is accorded the clean case in the operat- 
ing room. Only in this way can the addition 
of new and different strains of bacteria be 
avoided, and the patient saved from an 
added infection to which he may have little 
or no immunity, or from an infection which 
in symbiosis with that which is already 
present may prove particularly harmful. In 
this connection it is of interest that one 
patient (No. 13) whose original injury was 
a cutting wound so slight that it did not 
bleed, stated that after the thumb was incised 
the hand with its open draining wound was 
soaked four times daily in an arm bath, 
which was not sterilized so far as she knew, 
and in which the solution was reheated before 
the soaking several times a day without 
being changed. The pus evacuated from the 
retroflexor space of this patient on culture 
showed a heavy growth of both a hemolytic 
streptococcus and bacillus pyocyaneus, and a 
few colonies of Staphylococcus aureus. It 
seems entirely logical to think that this mixed 
infection was an important factor in contrib- 
uting to the seriousness and duration of her 
illness and to the ultimate destruction of the 
tendon in the infected sheath. 
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Fig. 20. The closely lying lymphatics of the dorsum of 
the hand, and the anastomosing collecting trunks (from 
Kanavel and Mason, The Cyclopedia of Medicine, vol. vi). 


BACTERIOLOGICAL FINDINGS 


The term streptococcic septicemia, so often 
applied to the types of cases under discussion, 
is not a misnomer. Of the 2 cases in group 1, 
1 patient was infected while transferring a 
culture of a hemolytic streptococcus. Of the 
5 patients in group 2, with axillary localiza- 
tion, in the most serious case (No. 6) a pure 
growth of a hemolytic streptococcus was 
repeatedly found in the cultures made from 
pus evacuated from the localized abscesses. 
In 2 other cases a non-hemolytic streptococcus 
was found in pure culture, in a fourth case a 
colon bacillus and a few colonies of staphylo- 
cocci. In the fifth case (No. 5) although the 
clinical picture and the widespread scarlatina- 
like eruption, followed by generalized des- 
quamation (Fig. 1), were characteristic of a 
streptococcic infection only Staphylococcus 
aureus was found in the superficial axillary 
abscess which was incised some weeks later. 

Of the 15 cases in group 3 a pure culture of 
a hemolytic streptococcus was obtained from 
the pus evacuated in 6 cases; in 3 other cases 
a hemolytic streptococcus was recovered in 
conjunction with Bacillus pyocyaneus in 1 


SPREADING 


INFECTIONS OF HAND 


Fig. 21. The main lymphatic trunks of the forearm and 
arm. Note the direct pathway from the middle finger to 
the supraclavicular region (from Kanavel and Mason, The 
Cyclopedia of Medicine, vol. vi). 


case, with a haemolytic staphylococcus in 
another case, and with a non-hemolytic 
staphylococcus in a third case. In 1 case a 
pure culture of a Streptococcus viridans was 
recovered and in another a pure culture of a 
non-hemolytic streptococcus. In 4 of the 
15 cases in group 3 the bacteriological find- 
ings were not available. 
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Fig. 22. Successive stages in the distribution of dye dur- 
ing injection of the skin. An 11 percent solution of patent 
blue V was injected intradermally and a cinematographic 
record made of the spread of the solution. The figures here 
shown were selected from the film to show the course of 
events. The injection of 0.2 cubic centimeter required 80 
to 85 seconds. a, Beginning of injection; b, 30 seconds 
after beginning injection; c, 45 seconds after beginning in- 
jection; d, 1 minute and 15 seconds after beginning injec- 
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In 1 of the ro fatal cases (No. 24) a hemo 
lytic staphylococcus was obtained from th 
serum of a blister that had formed at the sit. 
of the original puncture wound. A cultur 
made from the blood of the same patient 1. 
hours before death remained sterile after . 
number of days’ incubation. In a second cas: 
(No. 25) a hemolytic streptococcus wa 
obtained from the serum of a blister that ha 
formed at the site of the original punctur 
wound. In a third case (No. 28) a shori 
chained streptococcus was recovered from 
the blood taken 5 days after the injury anc 
onset of symptoms. This is the only case o: 
the entire series in which a positive blood 
culture was obtained. In a fourth case (No 
31) a hemolytic streptococcus was recovered 
in pure culture from the pus obtained at 
autopsy from the subcutaneous tissues of 
the chest wall and axilla. 


LATE COMPLICATIONS 


We are accustomed to think of involvement 
of the serous membranes—joint inflamma- 
tion, endocarditis, pericarditis, etc., of myo- 
carditis and vascular disease as _ possible 
sequele of the streptococcemia of scarlet 
fever and of other infections, particularly 
epidemic infections. We are likely, however, 
to forget that such sequele can also follow an 
acute streptococcic infection of the hand and 
forearm, and that it behooves us to keep this 
possibility in mind both in suggesting the 
proper treatment and in making a prognosis. 


The history of one patient subsequent to his in- 


fection is of sufficient importance to report the details. 

This patient, reported as No. 1 in group 1, returned 
to his work at a research laboratory one week after 
the subsidence of his symptoms and after his dis- 
missal from the hospital. On March 28, 18 days 
after leaving the hospital, he first noticed slight 
irritation of the right eye and a few red striations 
running outward from the iris. During the next week 
he noticed marked lacrymation and gradually 
diminishing vision. By April 6, vision in the righ‘ 
eye was almost gone. 

From April 7 to May 7 he was under constan: 
treatment with hot wet dressings over the eye an 
local administration of atropine. 


tion; e, 30 seconds after cessation of injection. Area ir 
b is 14 to 15 millimeters, in c is 2.5 centimeters. X1.5 
(From Hudack and McMaster, J. Exper. Med., 1933, vol 
Ixvi .Plate 46.) 
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On May 7 he was admitted to Wesley Memorial 
Hospital on the service of Dr. P. D. O’Connor and 
Dr. J. H. Hutton complaining, in addition to the loss 
f vision in his right eye, of pain in both shoulders, 
both ankles, the left wrist and thumb, symptoms 
vhich had appeared subsequent to the development 
f the chorioretinitis. 

On May 18 a presystolic roughening was heard for 
the first time along the left border of the sternum. 
[wo days later he had a chill, after which the pain 
in the joints was much worse, although no redness 
yr other evidence of localized infection could be 
elicited. For a number of weeks low grade fever, 
tachycardia, and moderate irregularity of the pulse 
on slight exertion were persistently present. During 
this period he had several acute attacks of precordial 
pain associated with tachycardia, weakness, and 
almost complete disappearance of the pulse at the 
wrist. 

In the latter half of June he began gradually to 
improve, the pain in the joints disappeared, and he 
was able to sit up in bed for an hour twice daily with 
little increase in the pulse rate. 

On September 13 it was noted by Dr. O’Connor, 
‘The right fundus is somewhat hazy, due to vitreous 
opacities. Temporal to the disc is an area of old 
choroidal atrophy with a pigmented border. Nasal 
to and above the disc is a bluish white area with 
indefinite borders, which is probably the site of the 
active lesion. The left fundus shows a small healed 
lesion above the disc.” 

The following day the patient was dismissed from 
the hospital and eventually returned to his work, 
but with marked impairment of vision and of physical 
strength. 


The development of a short rough apical 
systolic murmur during the course of her 
infection in the patient reported as Case 18, 
and of definite symptoms of myocardial 
damage in the patient reported as Case 10 
have already been told. The patient reported 
as Case 8 developed mild anginal attacks dur- 
ing the years immediately following his infec- 
tion, but paid little attention to them. June 
4, 1934, he developed an acute attack of 
coronary thrombosis and died after an illness 
of less than 48 hours’ duration. The patient 
reported as Case 7 developed a marked 
psychosis 2!4 years after his infection and is 
now under treatment in a private sanitarium 
for mental diseases. 

These rather fragmentary reports, in spite 
of their incompleteness, help to emphasize the 
fact that acute infectious myocarditis, endo- 
carditis, and vascular disease are quite as 
likely to follow an acute streptococcic infec- 
tion which follows a trivial injury of the hand 
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as they are to follow the streptococcus infec- 
tion associated with the acute contagious 
diseases, or that group of milder infections 
involving the upper respiratory tract which, 
as Carr and Walsh have recently pointed out, 
so frequently lead to acute infectious myo- 
carditis. 
SUMMARY 

Thirty-two cases of acute spreading infec- 
tion are reported, all of which developed 
rather rapidly after trivial injuries and in the 
majority of which the outstanding symptom 
early in the course of the infection was the 
presence of red lines of extension along the 
lymphatic channels leading upward toward 
the axilla. 

In 2 of these cases the inflammatory process 
subsided rather promptly and without locali- 
zation and abscess formation. 

In 5 cases the symptoms at the original site 
of injury disappeared rather quickly, but 
marked axillary lymphadenitis developed and 
subsequently abscess formation in the axillary, 
supraclavicular or subpectoral regions. 

In 15 cases the inflammatory process 
extended upward rapidly at first, then more 
slowly and finally came to a halt, usually at a 
level between the elbow and shoulder. After 
a varying interval the process began to recede, 
and eventually abscess formation took place. 
In the 7 cases in which the original injury was 
on the volar surface of the hand the abscess 
formation involved one or more of the synovial 
lined spaces (the tendon sheaths or bursz). 
In 4 of 8 cases in which the original injury was 
on the dorsum of the hand eventual localiza- 
tion occurred over the dorsum of the meta- 
carpus; in the 4 others after a varying interval 
of time almost the entire area of inflammatory 
induration over hand, forearm, and arm 
underwent liquefaction within a relatively 
brief period, with resulting abscess formation 
involving the subcutaneous tissues over an 
extensive area. 

Nine patients, among them 2 physicians 
and 2 nurses, died after intervals of from 4 to 
13 days after the original injury. One patient 
succumbed to a bilateral bronchopneumonia 
35 days after the injury. 

Of 20 cases in which bacteriological findings 
were available a hemolytic streptococcus in 
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pure culture was recovered in 10 cases; a 
hemolytic streptococcus in symbiosis with 
other organisms in 3 cases, a non-hemolytic 
streptococcus in 4 cases, a Streptococcus viri- 
dans in 1 case, and a hemolytic staphylococcus 
in I Case. 

In 5 cases definite postoperative complica- 
tions developed subsequent to recovery from 
the acute infection; and in 4 of these the 
complications were attributed directly to the 
antecedent infection. 

Of the 22 patients who recovered all were 
treated conservatively from the moment they 
were first seen, with rest in bed, massive 
warm wet sterile dressings over the entire 
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upper extremity and forced administration o 
fluids; and in none was the inflammator 
process incised until absolute evidence o 
localization and abscess formation was pres 
ent. 
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BLAIR, BROWN: THE DIEFFENBACH-WARREN OPERATION 


THE DIEFFENBACH-WARREN OPERATION FOR CLOSURE OF 
THE CONGENITALLY CLEFT PALATE! 


VILRAY P. BLAIR, M.D., F.A.C 


Bernard R. K. von Langenbeck but, as 
it is a fundamental contribution, it 
light seem fitting that it recall two men who, 
ither simultaneously, worked out and put in- 

) execution, a successful plan for closing 

yngenital palate clefts, that has never been 
uperseded and, as far as known history 

‘cords, was basically original.? There have 
een modifications or substitute plans, but, as 

class, these are more difficult of execution 
ad, with the exception of the “push-back”’ 

pe which in this country has been developed 

y Dorrance, as a rule, show less regard for 
ormal anatomical arrangement or for possible 
‘rious damage to developing bones and 
seth.’ 

While hygiene of the mouth, nose, and 
aiddle ear, and the later facilitation of dental 
srosthetics should be sufficient reasons for the 
‘losure of the open palate cleft, the driving 
motive for the operation is the desire to im- 
prove the faulty speech. In its last analysis, 
the modifications and interruptions of the 
vocal sounds essential to enunciation, are just 
as dependent upon muscle action as is the act 
of walking. An inert dental prosthesis, or a 
repair from live extraneous or passive tissues, 
can be made to supplement a deficient palate, 
just as walking can be aided by an artificial 
limb, but to function, each requires that it be 
under some indirect muscle control. 

While the common designation mentions 
only the cleft, such a palate is usually short 
anteroposteriorly and without sufficient com- 
pensating hypertrophy of its essential muscles 
to control the air leakage. Clinical evidence 
of a prevalent muscular deficiency comes from 


[oe operation is commonly called after 


°The operation of bridging the cleft of the hard and soft palate by 
means of mucoperiosteal flaps raised from the under surface of the hard 
palate through lateral incisions, mobilizing the two halves of the velum 
by dividing the palate aponeurosis with its overlying nasal mucosa and 
then freshening and suturing the borders of these flaps, was first de- 
scribed in 1828 by Dieffenbach. In 1842, Warren reported several cases 
in which operation was done by the same general plan but the lateral 
incisions were omitted. Muetter, i in 1843, reported 21 operations on the 
hard and soft palate, apparently using lateral incisions (1). 

‘The ‘‘push-back”’ operation is applicable only to partial clefts and 
may be indicated only when the palate is particularly short. 
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the occasional case in which there is normal 
speech with a wide open cleft, together with 
the fact that in the majority of cases, enuncia- 
tion can be improved still further by speech- 
training subsequent to closure of the cleft. 
Chalmers Lyons is gathering confirmatory 
laboratory evidence. Judged by the relatively 
late period at which the average cleft palate 
child attempts to talk, a muscle deficiency and 
also the open cleft might primarily be de- 
pendent upon some derangement or blight in 
the nervous mechanism, just as marked con- 
genital deficiencies of the external ear are 
frequently an expression of a blight somewhere 
in the auditory tract or its connections. 

The greatest adjuvant to the short passive 
palate is a muscle band in the upper part of 
the superior pharyngeal constrictor, which can 
act as a half purse-string in closing off the 
nasopharynx. With a deficient palate, over- 
action of this strand may draw forward a 
thin, shelf-like fold of mucosa commonly 
called Passavant’s pad and the degree to 
which this plica is developed before operation 
can be taken as a rough indication as to qual- 
ity of the postoperative speech results. This 
necessity for developing the crippled muscula- 
ture in no way minimizes the indications for 
proper operative closure but emphasizes the 
importance of not further hampering the al- 
ready deficient muscle power. 

Even when the operative procedure is 
technically correct, which presupposes preser- 
vation of an adequate blood supply, sufficient 
mobilization without damage to essential 
structures, and proper coaptation of the 
denuded borders, complete or partial failure | 
may be a not uncommon result, either from 
lack of primary union or lack of good func- 
tion. Granting all of the above, failure of 
union is almost always due to infection and 
its occurrence can be lessened chiefly by con- 
trol of local foci, by having the patient in 
good condition, by avoiding periods of preva- 
lent respiratory infections, or the exanthemata, 


1From the Department of Surgery, Washington University School of Medicine, St. Louis, Missouri. 
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Fig. 1. Asome- 
what distorted 
representation of 
an average left- 
sided single com- 
plete cleft of the 
palate in which 
the alveolar bor- 
ders have been 
approximated 
and the anterior 
part of the palate 
cleft has been 
narrowed by 
pressure of the 
lip and 

the result o 
Fig. 4. the closure of 
the lip cleft some months previously. The “distortion” 
mentioned is not of any particular structure, but in the 
relationship of the two component halves to each other. 
For the better display of the subsequent sequential steps 
and at the same time to accentuate the relation of each 
maneuver to the palate as a whole, in the above illustration 
each separate half of the palate and the related alveolar 
process, is represented as if viewed along an axis more 
nearly vertical to the palate process than to the palate as a 
whole, that is, as if each half were viewed individually. 
This gives an opened out appearance with greater trans- 
verse width than is normal. 

Fig. 2. Mobilization—Dieffenbach’s approach. As here 
presented, the first and the characterizing step of the 
Dieffenbach operation is a lateral incision through the 
mucoperiosteum down to the bone in the molar region, 
which, when extended behind the maxillary tubercle, 
severs the continuity between the lateral border of the soft 
palate and anterior faucial pillar from the buccal mucosa. 
The knife being held oblique to the sagittal plane, its point 
contacts with the alveolar bone just above the necks of the 
teeth. The line of the incision is along the base of the 
gingive, the fringe itself and its relation to the necks of the 
teeth being undisturbed. The point of the knife scratches 
along the bony surface of the alveolar process touching 
neither the necks nor crowns of the teeth and avoiding the 
trunk of the major palatine artery by a wide margin. All 
of the soft tissues down to the bone are cut as the blade is 
pushed backward, the line of the cut curving outward be- 
tween the maxillary tubercle and the hamular process. 
Behind the hamular process, the axis of the knife handle 
shifts to more nearly parallel the sagittal plane, the blade 
cutting deeply in the direction of the pterygomandibular 


ligament, the point being kept median to the anterior 
border of the mandible. The exact position of this cut, 
both on the surface and in its depth, should be first visual- 
ized and then accurately made with one purposeful stroke.! 

Fig. 3. Mobilization—Warren’s approach. On the un- 
cleft side where the nasal septum becomes continuous with 
the palate process, time and tissue will both be saved by 
making an incision through the septal mucosa parallel and 
close to its junction with the palate tissue. If the palate 
cleft were unduly wide in its anterior part, more of the 
nasal mucoperichondrium might be included in the palate 
flap but this is seldom necessary in single clefts and is not 
practicable in double clefts. The extreme anterior part of 
this incision is sometimes made by inserting a small blade 
through the nostril on the cleft side or with the cutting edge 
of a sharpened Brophy elevator, but, for the present, that 
much of the incision as here indicated will suffice. 

Fig. 4. Mobilization—elevation of the mucoperiostea! 
flaps. The point of the angle elevator enters the laterai 
incision just in front of the post-palatine foramen and then 
by slight rotary movements of the shaft and by picking up 
the periosteum from the palate process, the point is worked 
toward the mid-plane until it pierces through the line of 
incision at the base of the nasal septum and protrudes into 
the cleft. By changing the angle at which the shaft is held, 
and working a bit forward, the mucoperiosteum, and, with 
it, the posterior palatine artery, can be freed from the 
underlying bone as far forward as the incisive foramen. The 
artery, in its course forward, may lie deeply embedded in a 
groove on the undersurface of the palate process, from 
which it is to be dislodged by working the point close to 
the bone. 

Figs. 5, 6, and 7. Mobilization—major palatine artery. 
Figures 5, 6, and 7 are diagrammatic representations of a 
transverse section through the maxilla made just posterior 
to the contents of the descending palatine canal viewed 
from behind. Figure 5 shows the point of the elevator bit 
as it first enters the lateral incision near the posterior 
border of the hard palate. In Figure 6 the point of the 
elevator bit has been pushed palate-ward encountering the 
palate process. By rotation of the shaft, the point of the 
bit can be made to raise the submucous part of the artery 


1In the original Warren operation, the elevation of the a penne 


flaps is done from the cleft border, the elevator working laterally toward 
the base of the alveolar process. Some advocates of the Dieffenbach 
operation have criticized this lateral incision on the theory that it 
necessarily cuts essential muscles and nerves. Such a criticism can be 
honestly made only through a lack of understanding of its purposes and 
of the related anatomical structures. It not only can be made without 
crippling any essential structure but allows the greatest relaxation of 
the palate tissues with less risk to the major palatine artery and 
permits of subsequent fixation and hemorrhage control, by lateral gauze 
packs. 


| 
a 
| 
| 
5 
WY <A 
Fig. 1 Fig. 2 Fig. 3 
g. 2. 3. 
an 
| tp 
in 
a 
| : 
fl 
| , fe 
e 
| h 


BLAIR, BROWN: THE DIEFFENBACH-WARREN OPERATION 


Fig. 8. Fig. 9. 


. of the posterior end of its groove. Figure 7 shows the 
‘ation of the elevator bit to the palate tissues, the artery 
vid the bone, just as the point of the elevator bit is about 
‘o emerge into the cleft (Fig. 4). 
Fig. 8. Mobilization—elevation of the mucoperiosteal 
aps. Having completed the elevation of the mucoperios- 
ical flap from the palate process, the angle elevator is next 
inserted into the lateral incision between the hamular 
process and the maxillary tubercle, well behind the trunk 
of the palatine artery. The shaft is then rotated and the 
bit, passing behind the base of the hamular process, is 
pushed toward the median plane, tunneling a path that 
parallels and somewhat approximates the posterior border 
of the palate process. 

Fig. 9. Mobilization—elevation of the mucoperiosteal 
‘laps. Using the point as a fulcrum, the shaft is rotated so 
as to swing the heel of the instrument toward the mid- 
plane, the velum tissues being forcefully pushed in that 
direction. 

Fig. 10. Mobilization—elevation of the mucoperiosteal 
flaps. The palate flap, consisting of the mucoperiosteal 
covering of the hard palate in front and of the velum and 
fauces behind, have now been fairly well freed laterally 
both anteriorly and posteriorly but are still bound to the 
alveolus by some firm tissue just median to the maxillary 
tubercle. This might be dissected free with a knife but 
more safely by stretching it with the heel of the angle 
elevator. 

Between the posterior palatine foramen and the point 
at which the artery enters the substance of the mucoperios- 
teal covering of the palate bone for a distance of some 3 to 
5 millimeters, its trunk traverses the plane between the 
hard and the soft tissues and lies somewhat free and 
enveloped in loose connective tissue. It is this anatomical 


Fig. to. 


arrangement that permits the palate flaps to be shifted 
bodily inward and still preserve the blood supply. Retain- 
ing this blood supply at least doubles the chances of a 
successful closure. To do this, the bit of the elevator is 
reinserted so that it lies just within the anterior part of the 
incision, its heel approximating the maxillary tubercle and 
the point lying along the base of the alveolus. 

Fig. 11. Mobilization—elevation of the mucoperiosteal 
flaps. A rotation of the elevator as described under Figure 
g is now repeated. The procedure thus far depicted should 
be carried out on one side in a few minutes and our observa- 
tions have led to the belief that speed tends greatly to 
lessen the essential risks of this operation. The above is 
likely accompanied by quite a bit of bleeding, which, if too 
severe, can be controlled at any stage by finger pressure 
with a gauze pad on the palate tissues. If, however, the 
main artery is not cut or torn, one can usually go through 
to completion and then control bleeding by packing the 
wound. 

Fig. 12. Hemostasis. The bleeding is now controlled by 
packing. This is done with a strip of gauze 4 to 6 folds 
thick, 2 centimeters to 2.5 centimeters wide and 3.5 to 5 
centimeters long; one end is forced deep into the velar 
tissues, filling the posterior half of the lateral incision by 
means of the curved-on-the-flat elevator. 

Fig. 13. Haemostasis. About half of the strip having been 
disposed of as shown in Figure 12, the other end of the strip 
is passed under the mucoperiosteal palate flap in front of 
the descending palatine artery and the remaining loop of 
pack is stuffed into the incision external to the trunk of 
the artery. 

Fig. 14. Mobilization—division of the palate aponeuro- 
sis. This may be done either with a curved scissors or a 
small sharp scalpel; the latter is the more accurate method 
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Fig. 13. 


but the former may be more applicable to clefts extending 
but a little way forward from the velum. Inserting a sharp 
hook or the needle pointed puller into the free median edge 
of the liberated palate flap, drawing the latter toward you, 
the tense palate aponeurosis and the mucosa covering its 
nasal surface, are cut with the knife point along the poste- 
rior border of the palate process as far as one can see, which 
may be but a few millimeters on the first hold. Catching 
the palate edge farther back at each knife stroke as the flap 
becomes freer, more of the field continuously comes into 
view. 

In this way one can extend the incision back to the 
Eustachian cushion if need be with the actual field of in- 
cision always in view. If, in the lateral pharyngeal wall, 
one cuts a fair-sized artery, it is caught with a heavy 
crushing Ochsner and, if practicable, tied with a simple 
ligature or suture on a curved needle. This bleeding, how- 
ever, usually can be controlled after crushing the vessel, 
by rearranging the lateral packing so that the posterior end 
of the folded gauze extends into the nasopharynx just 
enough to rest within this lateral incision in the naso- 
pharyngeal wall. Whether the simple cutting of the apo- 
neurosis and nasal mucosa along the posterior border of the 
palate bone, gives sufficient relaxation or how far the cut 
must be extended along the lateral nasopharyngeal wall, is 
determined by repeatedly testing the relaxation with the 
needle pointed puller (see Fig. 17). 

Fig. 15. Mobilization—division of palate aponeurosis. 
The elevation of the posterior part of the palate flap having 
been completed on one side and bleeding controlled, it is 
repeated on the other and the free median border of each 
flap is now examined. If the division of the palate from the 
nasal mucosa has not been completed to the posterior end 
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Fig. 14. 


of the palate process, whatever remains of this connection 
is divided with the point of the knife. This separation 
should go right to, but should not split, the velum. 

Cutting the attachment of the palate aponeurosis and of 
the superimposed nasal mucosa along the posterior border 
of the palate process is the next essential step. This will 
complete the mobilization of the mucoperiosteal velar flap, 
allowing it to drop back toward the pharynx, downward 
toward the tongue, and median toward its fellow of the 
opposite side as shown in the cross section (Spalteholz). 

In relatively narrow clefts, the cutting of the palate 
aponeurosis from the posterior border of the palate process 
and with it the mucosa covering its nasal surface, is sufli- 
cient. In wide clefts this incision is usually extended lateral- 
ly to the nasopharyngeal wall, and backward in its mucosa 
toward the Eustachian, cushion, and may even incluce 
some of the fibers of the levator palati muscle before sufii- 
cient relaxation is obtained. 

Fig. 16. Mobilization—division of palate aponeurosis. 
In partial clefts, the extensive freeing described under the 
preceding figure will not be necessary and it will be found 
more convenient to divide the aponeurosis with a curved 
scissors on account of the limitation of the field of vision 

Fig. 17. Mobilization—testing, posteriorly. If the jun - 
tion of the velum with the mucocutaneous flap can |e 
easily brought across the midline to meet its opposite, tl e 
latter lying in its natural position, then this part of the fla 
is sufficiently free. 

Fig. 18. Mobilization—division of the posterior fauci | 
pillars. Reinserting the needle pointed pusher just prox - 
mal to the base of the uvula, the same test is repeated. [ 
the posterior part of the velum is not sufficiently free, o1 2 
further observes to determine if it is the resistance in tl 2 
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Fig. 18. Fig. 
anterior or posterior pillar. The former may be released by 
ex!cnding the original lateral incision further backward, or, 
a tense posterior pillar is cut at its attachment to the 
p»auryngeal wall with the knife or scissors, first putting it 
on tension with the needle pointed puller, as shown in 
Figure 18. If the cut is made close to the pharyngeal wall, 
very little of the palatopharyngeus muscle will be severed 
from its nerve supply and subsequent scarring will repair 
the defect in the pillar. Any arterial bleeding should be 
controlled before proceeding further and this is best done 
with a suture of a double plain catgut strand on a palate- 
shaped strong needle. The double strand will preclude loss 
of the needle in the tissues, should struggling occur at the 
time of its insertion. If, so far, things have gone well and 
the child is in good condition, one may proceed to free the 
mucoperiosteal flaps at the anterior end of the cleft. To 


facilitate the suturing in this part, this freeing should ex- _ 


tend to the edge of the gum or to the incisor gum fringe 
and a short, somewhat transverse cut on each side, vertical 
to the cleft, may be of great help. (See Fig. 19.) 

Fig. 19. Mobilization—elevation of mucoperiosteal flap. 
Usually this is most easily accomplished with a sharp edged 
Brophy elevator with which one can divide the connection 
between the palate and the nasal mucosa and also raise the 
flap from the underlying bone. In freeing the median edge 
of the flap that covers the premaxilla, difficulty is encoun- 
tered in the neighborhood of the incisive foramen. It may 
be of some help to insert the small knife through the 
nostril or to use the curved-on-the-flat elevator. We have 
ceased to do a palate repair on children under a year old, 
and by that time the incisor teeth are usually erupted, but 


Fig. 20. 


it is to be remembered in using the Brophy elevator in this 
region that, if the mucoperiosteum is raised from over the 
bud of an erupting tooth, it may interfere with its further 
development.' If, however, after freeing the flaps at their 
nasopharyngeal attachments, there is a tendency for bleed- 
ing to persist, or if there is any other suggestion that it 
might be well to curtail the operation, one may now ad- 
vantageously disregard the anterior part of the cleft and 
proceed at once to denude and suture the posterior part 
that has already been mobilized. After this suturing has 
been completed, the anterior part of the cleft may then be 
sutured or it may be deferred to some future time as the 
patient’s condition dictates. Also, if either major pala- 
tine artery has been damaged, one should be very cautious 
about cutting around the anterior end of the flap of the 
damaged side as some necessary blood supply or return 
might in this way be sacrificed. 

Fig. 20. Denudation—of the cleft border by paring. 
The classic plan of freshening the cleft borders of the velum 
and uvula for suture is to cut off a thin ribbon of mucosa, 
but this is ordinarily an unnecessary sacrifice of tissue in an 
area already deficient, and we now resort to it only under 
one of three conditions: (a) when there is some reason to 
complete the operation in the shortest possible time; (b) 
when there is some special difficulty in getting at the field 
of operation; (c) in cases of two stage or secondary opera- 
tion after a previous failure where the cleft borders are 
puckered with hard scar. 


_ 'Logan has shown that the buds of the premolar teeth lie in the soft 
tissues of the palate just mesial to deciduous molars where they might 
be damaged easily either by injudicious use of the knife or elevator. 
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Fig. 24. 


Fig. 21. Denudation—of the cleft borders by splitting. 
In a primary operation, where the velum is accessible and 
where conditions are satisfactory, we follow the plan, used 
by Lyons, of splitting the mucosa of the border of the 
velum and uvula, and also of the posterior pillars if these 
latter are to be united (see Fig. 22). 

The border of the velum is split deep enough to allow 
sufficient eversion of the edges to give a raw surface equal 
to its thickness. The cut will be a little deeper anteriorly 
than in the center and only the mucosa is divided at the 
uvula. The under surface of the base of the uvula is caught 
with the pusher as shown, or the base of the velum is 
engaged with the puller and the free border is split with a 
bistoury or a special knife. In this way the depth of the 
cut can be judged and controlled with considerable accu- 
racy. As one cuts farther back, the pusher can be substi- 
tuted for the puller. When things go nicely, this cut may 
be completed with one movement, the knife gradually 
paralleling the tense border of the velum and smoothly 
slitting the mucosa as it is pushed back toward the apex of 
the uvula. On the other hand, it may prove to be a 
“‘catch-as-catch-can” performance, and one transfixes the 
velum to push or pull in any way that best serves. 

Whether done by paring or slitting, both borders are 
examined throughout their full extent to see that every- 
where they present sufficiently broad, cleanly cut, raw 
surfaces which can be easily approximated by the sutures. 
Much time will be lost and union may be compromised by 
attempting to unite ill-fitting parts. Any place in the velum 
where the mucous edge is rough or unmanageable can be 


judiciously undercut or pared. The area near the palate 
aponeurosis is particularly important. The borders of the 
mucoperiosteal flaps from the hard palate should first be 
examined with the rounded point of an artery forceps, for 
any spicules of bone that might have been included with 
the flap and any such should be removed. Next, any 
ragged edges should be trimmed and one should be able to 
evert the edge of the flap toward the mouth even in its 
anterior extremity. 

Fig. 22. Denudation—splitting the posterior faucia! 
pillars. In those past infancy, the palate can often be 
conveniently lengthened by continuing the denudation and 
the suturing to the adjacent parts of the posterior faucia! 
pillars. To do this the anterior half of the border of each is 
split as shown, this cut being continuous with the velar slit 
at the base of the uvula, and farther back with the trans 
verse cut in the body of the pillar. It is possible to unite 
the pillars sufficiently to interfere immediately or sub 
sequently with nasal respiration and this must be borne in 
mind. Figure 29 shows pillars sutured. When this is done 
.suturing of the nasal surface shown in Figure 28 is omitted 

Fig. 23. Suturing—the key suture. The first suture 
which, with us, substitutes for any form of supplementary 
fixation, engages the fibers of the palate aponeurosis o1 
each side. This being of tough fibrous tissue, a mild infec 
tion, or drawing the suture too tightly, will not cause it t: 
cut through as quickly as in the softer structures. Thi: 
type of stay suture’ is not as apt to do harm as are leac 
plates or circumferential tape, bands, or any other type 0 
surface pressure. 
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Fig. 27. 


Che left border of the cleft is drawn forward with the 
puller and the point of a full curved needle enters the raw 
surface near the oral border at the cut edge of the aponeu- 
rosis, digging 4 or 5 millimeters into the substance of the 
velum to emerge posteriorly nearer the nasopharyngeal 
border. The right border is then caught with the puller 
and the needle entering posteriorly near the oral border 
emerges near the nasopharyngeal border. The knot is tied 
at the nasopharyngeal surface. Both strands are caught 
with a light artery forceps (mosquito pattern) 10 or 12 
centimeters from the knot and dropped to the left of the 
patient’s face. (See Fig. 24.) 

_ Fig. 24. Suturing—the velum. Starting just behind this 
first, the aponeurotic suture (5), three or four interrupted 
vertical mattress sutures are placed in the velum and the 
mucous edge on each side is in turn caught up with the 
pusher so that the needle will engage just 1 or 2 milli- 
meters of the edge.! 

_ ‘For sutures we use a good quality of ‘‘live” horse hair both because 
it causes very little irritation and is, therefore, well tolerated by the 
tissues, and also, though it has sufficient strength to stand proper 
handling, it is apt to break if the knots are drawn too tightly. Each is 
cut 15 to 18 inches long, threaded at the proximal, the thicker end of 
the hair, tied in the eye with a single knot, and the protruding short 
end is cut half the length of the needle. There are microscopic scales 
on a horse hair, their free end directed distally, which make it easier 
to draw the hair through the tissues root-end first. If the hair is too 
long or too short, it will slow up the knotting. If the short end protrudes 
too far from the eye it will be in the way; if it is too short it may untie 
itself. Horse hair becomes untied easily and for this reason at least 
four knots are put on each suture as follows: the first with just sufficient 
tension to approximate the raw surfaces closely, the second so as not 
to disturb the tension of the first; the next two knots are tied with 
increasing tension so as to prevent untying. 
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Fig. 25. Suturing—the velum. Then drawing on this 
loop with the thumb and finger, the needle traverses both 
borders deeply, but not deep enough to include any of the 
mucosa of the pharyngeal surface. Each of these three or 
four deep sutures, as they are tied, are caught with forceps 
and dropped to the right of the patient’s face. One or two 
simple mucosa sutures are placed on the under surface of 
the uvula and one in its tip, the free ends of these sutures 
with the attached forceps being dropped in front of the 
patient’s face. This brings the pharyngeal surface of the 
uvula and of the velum into view (Fig. 26). 

Fig. 26. Suturing—the uvula and upper surface of the 
velum. One or two mucosa sutures are placed in the 
pharyngeal surface of the uvula and, if the posterior faucial 
pillars are not to be united, two or three vertical mattress 
sutures along the upper surface of the velum. 

Fig. 27. Suturing—the mucoperiosteal flaps. If needed, 
the anterior end of the cleft border is now further mobilized. 
If the artery was damaged on one side, one might get by 
with extending the lateral incision on the sound side all the 
way forward until it connects with the cleft in front, thus 
liberating a tongue-shaped flap with its base at the major 
palatine artery, which can then be united to the other 
side with expectation of primary union. Where both 
descending palatine arteries are infact, one might raise 
such a tongue-shaped flap on either side and, after uniting 
along the cleft line, anchor the anterior free end where 
convenient, with a few simple “tacking” sutures. This is 
mentioned by Arthur Keith (6), who simply allows the 
freed flap to hang loose trusting to granulation and scarring 
to anchor the flap in its proper place to the under surface of 
the maxilla. With the addition of the “tacking” sutures, 
this has worked satisfactorily in our hands, but we prefer, 
where possible, to leave, at least, a narrow attachment of 
uncut tissues anteriorly on one side. On the whole, how- 
ever, if there is any doubt of the integrity of the major 
palatine arteries, it is safer to suture as far forward as the 
original relaxation will permit without tension and do the 
remainder at a subsequent operation as a simple failure of 
union is much less a catastrophe than a slough or a dis- 
torted flap. 

The mucoperiosteal palate flaps are united with vertical 
mattress sutures bringing several millimeters of the raw 
upper surfaces into contact. It is at the junction of the 
velum with the mucoperiosteal flaps that one is most apt to 
have a failure of union due either to insufficient relaxation 
or deficient blood supply and it is to be remembered that 
tight suturing interferes with blood supply. 
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and, especially with young infants, by care- 
fully protecting the patient from contamina- 
tion carried by the operator’s breath or from 
the presence of someone with an acute coryza. 
That aseptic or antiseptic technique, as 
ordinarily interpreted, may have little bearing 
on the result, is suggested by pre-Listerian 
reports of series operated upon with fewer 
average failures than we can show today 
(Muetter’s series). Of importance, is careful 
handling of the tissues and of the patient, the 
prevention of excessive loss of blood, and of 
aspiration. The latter is greatly helped by 
operating with the patient’s head hanging over 
the end of the table (the Rose position) and by 
suction. It is our belief that there is no post- 
operative plan of mechanical protection or 
support of the suture line equal to packing of 
the lateral incision with strips of gauze. This 
also helps to control bleeding and splints the 
palate, but the use of any one of these is not 
free from added danger, either to the patient 
or the palate. 

The most pertinent criticism that can be 
leveled at the original Dieffenbach-Warren 
operation is that it fails permanently to 
lengthen the intrinsically short palate. Brophy 
attempted to compensate for this by partially 
uniting the posterior faucial pillars and on the 
average, produced the longest palates that we 
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have had opportunity to examine. However 
the posterior part of a palate thus lengthened 
curves somewhat downward away from th 
plane of the pharyngeal muscular band men 
tioned, and thus, must work at a mechanica 
disadvantage. To be of the greatest help, th: 
lengthening should be in the plane of Passa 
vant’s pad. When at the operation the velun 
is allowed to drop back by section of the 
palate aponeurosis, a raw area presents itsel! 
on the upper surface of the palate flap appear 
ing from under the posterior border of the 
hard palate (see Fig. 15). As this heals, the 
velum again assumes its original position. 
We have attempted to prevent the secondary 
drawing forward of the velum by covering this 
raw area with flaps of mucosa turned from the 
cheek through the lateral incisions. This has 
given us some quite satisfactory results but, 
on the average, the bleeding has been so severe 
as to cast a doubt on the advisability of the 
procedure. Veau has varied the original pro- 
cedure by not cutting the nasal mucosa 
laterally behind the bony palate, but under- 
mining and stretching it without dividing the 
aponeurosis. The thought occurs that the 
indications which time may confirm for the 
more radical ‘“‘push-back’’ modification will 
come, not simply from the fact that it length- 
ens the palate, but that the lengthening is in 


Fig. 28. Suturing—mucoperiosteal flaps. The most 
anterior suture is tied with a long strand attached to the 
needle which latter is temporarily dropped in front of the 
patient’s face. 

Returning to the aponeurotic suture that hangs to the 
patient’s left, both strands are caught in the tip of a 
pointed artery forceps 2 centimeters from the knot, and the 
suture is cut just beyond. The beak of the locked forcep is 
then pushed into the nasopharynx, the jaws are opened to 
liberate the strands and the forceps is withdrawn, the suture 
remaining on the pharyngeal surface later to cut its way 
out. The exact circumstances of its subsequent expulsion 
we do not know for we have never again heard from a single 
one of them. One could use chromic gut, but the knot 
would still be thrown off and the gut would cause more 
tissue reaction than the hair, in a place where the quickest 
possible union with the least disturbance is most desirable. 
If needed, an extra suture is added on the under surface. 

Fig. 29. Suturing—approximating the mucosa. The 
needle carrying the anterior suture is again picked up and 
the mucous edges are accurately coapted all the way back 
to the base of the uvula with a light running suture which 
is cut 1 centimeter beyond the last catch without knot- 
ting. The posterior pillars are shown to have been united. 

A careful inspection of the suture line, for bleeding, and 
of the position of the packs, completes the operation. 


Operation for a partial cleft is done on the same general 
plan except that where the cleft is very narrow and extends 
only a little way into the hard palate, a special aponeurotic 
suture is not necessary. One could conveniently close the 
velar clefts without making the lateral incision, the orig- 
inal Warren operation, by -levating the mucoperiosteum 
from the cleft with a Brophy elevator, but the palate 
aponeurosis should always be severed from the posterior 
border of the palate process and packing, inserted through 
the lateral incisions, is a comforting prophylactic against 
bleeding. Furthermore, if, as far as possible, one sticks to 
a basic plan of operation, he will develop a better persona! 
technique and better team work than if he yields to the 
temptation of making unnecessary variations. 

Fig. 30. Secondary operation. a, A case in which there 
had been practically no closure of the cleft from previous 
operations, but a complete loss of the right mucoperiostea 
flap and a very much shortened velum. The rough area in 
front of B indicates the palate process covered only by 
unusable scar. The dotted lines indicate a flap to be raisec 
from the cheek to replace the right mucoperiosteal flap 
b, The cheek flap has been raised and, on the left side, a 
dotted line indicates the line of incision for splitting the 
cleft border and the posterior pillar. c, The cheek flap has 
been sutured into position to form the right half of the 
palate anteriorly and the two halves of the velum. 
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Fig. 31, a. 


Fig. 31. Secondary operation. a, Exami- 
nation showed patient had had a flap turned 
from the right cheek to fill in the space between 
lirst molar and central incisor, going back to 
the base of the first molar on the left side. 
‘There is union everywhere with the exception 
of two places, one to the right anteriorly, and 
one to the left posteriorly. The uvula lies be- 
tween the molars. Posterior pillars had been 
brought together for 1 centimeter behind the 
uvula, but the opening between the nasal and 
oral pharynx is 23 millimeters from before 
backward and at the posterior pharyngeal wall 
is the same distance from side to side. He has 
some action of the pharyngeal muscles. 
b, Palate was lengthened by freeing the pos- 
terior pillars from their attachment to the 
pharynx almost to the upper pole of the tonsil; 
then the free border of each pillar was split and 
the median borders were united (Fig. 31c). This 
accomplished two things: it released the pillars 
so that the fauces and velum could be drawn up to the proper 
level, and it allowed lengthening of the velum until it prac- 
tically touched the posterior wall of the pharynx (Fig. 31d). 
e, The palate has been reconstructed so as to extend 3.5 
centimeters behind the uvula. There is an opening between 
the nasopharynx and oral pharynx o.5 centimeter from 


Fig. 31, d. 


before backward and 1 centimeter from side to side. The 
speech is good. He still has one opening in the upper 
fornix mesial of the flap that has been turned in from the 
cheek, and another small opening lateral of this flap in 
the anterior part of palate, but these seem to cause no 
inconvenience. 
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Fig. 34, a. 
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Fig. 33, b. 


Fig. 32. Secondary operation. a, The 
patient originally had a double cleft of 
the lip and palate. At operation there 
were 40 millimeters of available flap 
material, about a 35 millimeter space 
to fill in and the posterior pillars were 
free and well developed. 

The denuding and relaxing are in- 
dicated in Fig. 31. 

The second step was similar to that 
shown in Fig. 31, b and c, but, because 
we drew too freely on the pharyngeal 
mucosa, a constriction of the naso- 
pharyngeal opening later developed 
(see Fig. 32, b). The very small opening 
between the nasopharynx and the oral 
pharynx was enlarged by a transverse 
incision through the oral mucosa at 
about the level of the upper pole 
of the tonsils). The mucous mem- 
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Fig. 35, a. 


ne was raised by dissecting it backward for a short 
‘ance and at this level cutting through the nasal mucous 
nbrane, thus forming two flaps, one with the base below 
| one with the base above, the one below being com- 
ed of oral, and the one above of nasal, mucous mem- 
ne. These flaps were curled on themselves and sutured 
interrupted chromic catgut so that the entire naso- 
aryngeal opening was surrounded with mucous mem- 
ine. In this way the opening was considerably enlarged 

e Fig. 32, c). 

|, Final result 7 months following last operation. 

Fig. 33. Secondary operation. a, Patient had had von 

ngenback operation. Figure 33, a shows horse-shoe inci- 

mn running around just inside the fringe, from the first 

olar on the left to almost the second premolar on the 
zht. Dissected flaps back, freshened the edges of the cleft 
ad sutured them together, leaving the anterior part of 
ihe flaps free (6). (See Fig. 33, b). 

Fig. 34. Secondary operation. a, Small defect in central 
portion of palate is closed by freely undermining through 
lateral incisions shown and if the defect is anywhere 
near the posterior border of the hard palate, this must be 
cut. The borders of the opening are then freshened and 
sutured as in the first operation. It is seldom necessary to 
close a bifid uvula, but to save nervousness on the part of 
the _ it can be closed as shown in this case (Fig. 
34, 5). 

Fig. 35. Secondary operation. a, In palates distorted by 
previous operation, one must adapt the plan to meet con- 
ditions. The right half of the uvula was united to the left 
border of the pillar, in this case. The dotted lines indicate 
the denudation slit placed slightly to the pharyngeal and 
nasal surface. 

b, Shows the suturing of the uvula and pillars, which 
gave a fairly long velum. The mobilization incisions, as 
they scar up, will draw the new velum still farther back. 

Fig. 36. Closing the double cleft. Considerable difficulty 
has frequently been encountered in closing the anterior end 
of a wide open palate cleft. Figure 36—A, B, C, and D 
illustrate the plan by which we have been able to obviate 


the plane of the constricting pharyngeal 
muscle band. 

The basic factor for success or failure and 
which largely determines operability is the 
proportion of usable tissue to the width of the 


Fig. 35, b. 


Fig. 36. 


most of this difficulty. It is usually done as the second 
step, after the lip has been closed. The A flaps are raised 
from the septum and the sides of the sides of the pre- 
maxilla with base above. The B flaps are tongue-shaped 
with base posterior and contain the major palatine artery. 
After mobilizing the A flaps, a section is removed from the 
septum X which permits the premaxilla to move back- 
ward in contact with but not in between the maxille. 
The cleft was closed by rotating the A flap laterally and 
superimposing the B flap, raw surface to raw surface, and 
uniting the 3 mattress sutures. The premaxilla is mobilized, 
pushed backward, and held there by raising and uniting 
the mucous membrane across the face of the alveolar cleft. 
A year or so later the posterior part of the cleft is closed. 


area to be bridged over. At the alveolar 
border, spare palate tissue is practically nil, so 
that here it is necessary directly to approxi- 
mate the bones. This is most easily, safely, 
and accurately accomplished by pressure of 
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the lip after repair of the lip cleft (4). In the 
molar region the proportion of available 
mucoperiosteal flaps increases with the de- 
velopment of the unerupted teeth, so that in 
most instances conditions for closure will be- 
come satisfactory between 1 and 2 years of 
age (2) (see Fig. 30). In rare instances where 
the cleft ends anteriorly in a rounded opening 
bounded by the alveolus and with little or no 
palate process (see Fig. 16), the operation may 
have to be postponed for some time and even 
then some modification of the classic proce- 
dure may be necessary. 

In older people, especially those in whom 
the soft tissues have been subjected to the 
pressure of a dental plate which was, hereto- 
fore, retained by tooth clasps, in palates 
damaged by previous operation or in ex- 
tremely wide clefts, the closure can be made 
possible or more certain by dividing the 
operation into two steps, first raising and 
packing under the flaps, and, in a few days to 
2 weeks, after reaction subsides, freshening 
the borders and suturing (3). 


One strong recommendation for the classi. 
Dieffenbach-Warren operation is that if don. 
without injuring the major palatine arterie. 
and the flaps should fail to unite at the sutur: 
line, there will be little visible loss of tissu: 
and the flaps will drop back to a normal posi 
tion, without embarrassment to a properly 
timed subsequent attempt. 

This article is presented not with the idea 
that we have anything new to offer, but, per. 
haps, as a timely review of underlying princi- 
ples of a usable technique. 
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HYDATID DISEASE OF THE BRAIN 


HAROLD R. DEW, B:S., M.B., F.R.C.S., F.A.C.S., SypNEY, AUSTRALIA 
From the Department of Surgery, University of Sydney 


of the brain with echinococcal disease 
may be either primary or secondary. 

the former the cysts are derived from hexa- 
it embryos which, after passage through the 
er and lungs, have been carried by the ca- 
id arterial stream to the brain. Secondary 
sts are metastatic and result from the sow- 
: by the blood stream of scolices, derived 
m a fertile primary simple cyst which has 
‘tured into the left side of the heart. It is 
vious, although the fact has not been uni- 
rsally recognized, that the pathological and 
nical aspects of these two types are very 
ferent and until this is appreciated, much 
fusion must occur in their interpretation. 


\ in the case of all organs, infestation 


PRIMARY CYSTS 


Even in countries like Australia and Argen- 
‘na, where hydatid disease is relatively com- 
‘.on, primary cerebral hydatid cysts are quite 
‘ire. Statistical studies bring out the inter- 
esting fact that they are at least seven times 
as frequently met with in the child as in the 
adult—the relative figures being 4.9 per cent 
and 0.7 per cent. This is explained by the fact 
that infestation with hydatid disease as with 
other helminthic diseases almost invariably 
occurs in early life—the period of disregard 
for cleanliness and personal hygiene and the 
age of close contact with dogs. Although the 
greater number (88 per cent) of ingested em- 
bryos are held up in the capillary beds of the 
liver or lung, the remainder pass through and 
are available for distribution to other organs 
by the blood stream. There seems no doubt 
that the peripheral distribution of hydatid dis- 
ease is entirely dependent on the vagaries of 
the systemic arterial circulation. Owing to the 
comparatively large size of the carotid vessels 
in the child, a fair proportion of embryos must 
be carried to the brain, where encystment 
with the formation of a single univesicular 
cyst usually occurs. As a cyst in this situation 
grows relatively rapidly, because of the soft, 
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non-resistant tissue and the ample blood sup- 
ply, pressure effects on the brain manifest 
themselves within a few years, so that the 
child develops signs of intracranial pressure 
and eventually undergoes an operation or 
dies; thus adult life is rarely, if ever, reached 
with an intact primary cyst. 

As in the case with hydatid disease of prac- 
tically all organs, the liver, as the first filter, 
also often contains a primary cyst of the same 
age, so that the association of hepatic and 
cerebral cysts is found in approximately 80 
per cent of these cases. 

Pathology. Primary cysts are nearly always 
single; any case showing multiple cysts should 
at once be suspected and the possibility of the 
cysts being secondary considered. They are 
typically univesicular, daughter cyst forma- 
tion being of extreme rarity and in the few 
cases in which it has been recorded, has been 
associated with a history of local trauma to the 
cranium. The cyst commences its growth in 
the cerebral substance, quietly enlarging until 
it is big enough to produce pressure effects. 
Here again the location seems more or less to 
coincide with the distribution of the blood 
vessels—the frontal lobe being the most fre- 
quent site. As the cyst grows it may impinge 
on the lateral ventricle, on the surface, or even 
erode the skull, and rupture in any of these 
directions may occur, usually with profound 
anaphylactic symptoms and death. The ad- 
ventitious capsule laid down by the cerebral 
tissues is ill defined and at times almost non- 
existent—a fact well in keeping with the non- 
reactive nature of the glial tissue generally. 
Adhesions between the meningeal layers may 
occur as the result of pressure but most of the 
vague microscopical changes which have been 
described by some observers as occurring 
around these cysts seem to have been pro- 
duced as a result of terminal phenomena. 

The nervous tissues are simply pushed aside 
and even in large cysts it is surprising how 
little alteration occurs in their structure. The 
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Fig. 1. Univesicular hydatid cyst of occipital lobe of the 
brain from a child aged 12. From the Pathological Mu- 
seum, University of Sydney. 


size to which the cyst can grow and yet be 
compatible with life is astonishing—cases in 
children in which more than 20 ounces of 
fluid were found have been recorded (Fig. 1). 
This is due to the yielding nature of the skull 
which prevails during the actively growing 
period and to the remarkable compensatory 
powers of brain tissue, particularly in young 
people. 

The blood supply of the brain is so ample 
and the soft nervous tissue so non-resistant 
that growth is regular and comparatively 
rapid, while in nearly all cases the cyst is 
healthy and fertile, containing many scolices 
within their brood capsules. Degeneration, 
with the production of pultaceous material 
containing cholesterin and hyaline débris does 
occur sometimes, but no cases of dense fibrosis 
or calcification have been recorded. Pressure 
effects may be manifested by distortion or 
thinning of the skull, either generally or in a 
localized area, and some remarkable cases 
have been reported. PressureZon the ven- 
tricular system with the production of vary- 
ing degrees of internal hydrocephalus or ven- 
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tricular distortion with the production <{ 
rapid increase of intracranial pressure is con - 
mon. Finally, localized pressure on certai 
non-silent areas of the brain may produce- - 
as in the case of other non-infiltrating tumor 5 
—typical clinical syndromes. 

Clinical aspects. The average age of inc - 
dence in the recorded Australian cases is 1: 
years, and this corresponds with statistics 
from South America. The latency of the dis- 
ease is remarkable and with the exception of 
the cystic astrocytomata is greater than that o/ 
any other intracranial tumor. As is to be ex- 
pected, the symptomatology is that of a simple 
non-infiltrating, slowly growing tumor ofa cere- 
bral hemisphere and depends on the location of 
thecyst. Generalsymptoms predominate, and, 
except in a country where hydatid disease is 
well known, the true pathological nature of 
the lesion usually remains unsuspected. Thin- 
ning of the skull which may be reduced to the 
thinness of paper or even perforated, may be 
detected over the cyst, either by palpation 
or radiography. This contrasts with the 
hyperostosis of meningeal or osseous neo- 
plasms and is extremely suggestive. Localized 
tenderness or a “cracked pot” sound on per- 
cussion may also be present. 

It follows that the diagnosis in any of these 
cases will depend on a full neurological exami- 
nation; if necessary, the standard ancillary 
methods of examination which are found so 
necessary in the localization of many intra- 
cranial tumors being used. As in these cases 
the all important accuracy in localization 
depends on a very careful analysis of signs 
and symptoms, but it should be possible in 
the majority of cases. An accurate patho- 
logical diagnosis will, except in so called 
“hydatid countries” be rarely made. 

It would be expected on a priori grounds 
that the Casoni intradermal test would bx 
positive in a high percentage of these cases 
but in the few recorded cases in which th« 
test has been carried out, the reaction ha: 
been negative or equivocal. Further statistic: 
are urgently required to determine the diag 
nostic value of this test in intracranial hydatic 
disease. As in the case of simple cysts gen 
erally, the specific hydatid complement fixa 
tion test will be of little, if any, value. 
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fhe following case history illustrates some 
. the features mentioned: 


‘ase 1. D.P., male, aged 13 years, was admitted 
he Royal Alexandra Hospital for Children com- 
ning that for the preceding 8 months he had 
ered from severe headache which was made 
se by exertion or excitement. He had vomited on 
y occasions, the event having no relationship to 
taking of food, but neither the headache nor the 
iting had increased in frequency or intensity. For 
4 months before admission he had noticed that 
ould not see the blackboard at school plainly, but 
ad never had double vision. Further questioning 
red the fact that he had a tendency to become 
y on stooping and that recently he had had some 
ling and numbness in both hands. He had had no 
vus illness and complained of little except the 
lache. He had spent all his life on a farm. 
vamination revealed a well developed lad— 
aal for his age in all respects—bright and intel- 
it in his answers. His head was normal to 
vation but measured a little more than normal 
ough there was no suspicion of internal hydro- 
ialus. There was no tenderness to percussion and 
“cracked pot” sound. Examination of the eye 
inds showed equal bilateral papilloedema of ap- 
ximately 2 diopters; the visual acuity was some- 
. at below normal, but the fields of vision were 
mal to both small and large objects. The pupils 
re equal and reacted to light while there was no 
stagmus. Examination of all the cranial nerves 
vs entirely negative, while all the peripheral reflexes 
cre equal and active. 

Investigation of the appreciation of various sensa- 
tions in the limbs showed no abnormality. 

The gait was not abnormal, nor was there any 
alaxia or signs of cerebellar involvement. 

Radiography revealed a slight increase of convolu- 
tional markings, some questionable separation of the 
coronal sutures but no bony abnormality of any sort. 
The Casoni intradermal reaction and the hydatid 
complement fixation test were both negative. 

In view of the lack of any local or even lateralizing 
signs, and because intracranial tumor was suspected, 
it was decided to perform ventricular estimation. 
This was carried out under local anesthesia through 
two symmetrically placed posterior openings. The 
right lateral ventricle was struck at a depth of 4.5 
centimeters but seemed to be somewhat displaced 
laterally, while the fluid seemed under normal pres- 
sure. The left needle struck fluid at a depth of 2 
centimeters and this was under a much higher pres- 
sure than the right. The asymmetry of the ventricles 
showed that the lesion was not a centrally placed one 
and in view of the equivocal findings, the head was 
rocked from side to side and air allowed to enter in 
to both needles in turn, in order to obtain a ventric- 
ulogram. It was at once suggested that the left 
sided collection might be an hydatid cyst and 
although no hooklets or scolices were found in the 
fluid, it had a much higher content of sodium chloride 
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than that of the normal ventricle—an important 
diagnostic point. 

The subsequent series of radiographs (Figs. 2 and 
3) showed a spherical cyst about 4 inches in diameter, 
deeply placed in the left occipital lobe, obliterating 
the posterior horn of the left lateral ventricle, but 
not communicating with it. The posterior horn of 
the right side was somewhat displaced to the right. 
Across the cyst cavity were several trabecule, which 
gave the impression of multiloculation. 

This appearance was so suggestive that, taken into 
account with the extreme latency of the lesion, the 
age of the patient, and the rarity of other cystic 
tumors in this region, it led to the tentative diagnosis 
of hydatid cyst, and operation was advised. 

This was carried out, under local anesthesia, 
through a posteriorly placed osteoplastic flap based 
on the left temporal muscle. When the dura was 
opened the brain bulged a little and the cyst was 
tapped, a little brownish fluid being obtained. After 
due precautions as to soiling of the field, the cortex 
was excised with the Bovie knife to a depth of 3 
centimeters and the air bubble in the top of the 
cyst opened into without any difficulty. In view of 
the close contact with the ventricle, no formalin was 
used as a sterilizing medium. The fluid was sucked 
out and the collapsed laminated membrane which 
had produced the peculiar trabeculation on the 
radiogram was easily coaxed out in its entirety, still 
containing some fluid. The cavity was then sucked 
completely dry and the thin ependymal wall of the 
lateral ventricle, with its characteristic pulsation, 
was seen lying bare on the medial wall. Using plenty 
of Ringer’s solution and “‘lintene’”’ pledgets, the 
toilet of the cavity was completed, and a little alcohol 
on cotton wool was used to swab the bottom of the 
cavity, which, after further flushing and drying, was 
filled with Ringer’s solution. The degree of collapse 
of the hemisphere after evacuation of the cyst was 
remarkable. The dura and scalp wound were sutured 
in the ordinary way without any drainage. The 
patient was returned to the ward in excellent condi- 
tion, was propped up after a few hours, and made an 
uneventful recovery. Examination of the fluid and 
the cyst revealed very few scolices, but a few hook- 
lets, so that it is probable that the risk of contamina- 
tion of the area with hydatid elements was negligible. 


The cyst, which was well over 1o centi- 
meters in diameter was lying deeply in the 
occipital region but had produced no inter- 
ference with the fibers of the optic radiation 
as it was too far forward and too cranial. 
Neither had it produced any motor or sensory 
phenomena, owing to its posterior position, 
and it is certain that had it not been for the 
performance of bilateral ventricular puncture, 
which permitted air entry, localization would 
have been impossible. The laminated mem- 
brane of the cyst was only separated from the 
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Fig. 2. Case 1. Ventriculogram showing hydatid cyst 
containing air and some distortion and displacement of 
ventricular system. Antero-posterior view. 


lateral ventricle by the thin ependymal lining 


of the latter, so that the patient was in immi- 
nent danger of an intraventricular rupture, an 
event which is almost certainly fatal. It is, 
indeed, rather remarkable that the explora- 
tory puncture did not, as it does occasionally 
in cases of pulmonary cysts, precipitate rup- 
ture, owing to the sudden liberation of support 
from the ventricular wall. 

The following is an example of hydatid of 
the cerebellum. This is the rarest location for 
primary hydatid disease—only two undoubted 
cases having been previously recorded, both 
in South America, by Pflaumer and Chiappori. 
Morquio has recorded a hydatid cyst of the 
cerebellopontine angle. For this case history 
I am indebted to Dr. E. Britten-Jones of 
Adelaide, South Australia. 


CasE 2. M.H., a boy aged 3 years 9 months, who 
had lived all his life on a farm in the country, was 
admitted to the Adelaide Hospital giving a history 
of 5 weeks’ intermittent vomiting. These attacks 
came on once or twice a week and were associated 
with listlessness and drowsiness—between the at- 
tacks he was bright and active. The parents had 


Fig. 3. Case 1. Ventriculogram. Lateral view. 


never noticed any unsteadiness of gait, nor was there 
any history of falling. 

On examination, the patient looked ill, lay curled 
up on his right side with his head retracted, and 
periodically he uttered a peculiar cat-like cry. His 
temperature was normal and his pulse rate varied 
from 80 to 100 beats per minute, showing sinus 
arrhythmia. There was a paralysis of the right ex- 
ternal rectus muscle. The superficial abdominal and 
cremasteric reflexes were equal and active—the deep 
reflexes showed no abnormality. Double Kernig’s 
sign was present. A radiogram showed no local 
thinning of the skull and was regarded as completely 
negative. He was thought to be suffering from basal 
meningitis and died suddenly 2 days after admission, 
following lumbar puncture. 

Autopsy revealed a small hydatid cyst about 1.5 
centimeters in diameter in the right lobe of the liver 
and the left lateral lobe of the cerebellum was 
occupied by a subcortical cyst, approximately 2.5 
centimeters in diameter, which had produced internal 
hydrocephalus and a definite pressure cone. The 
latter cyst was univesicular, thin walled, contained 
scolices, and had extended to the arachnoid whic’ 
was so thin over it that at autopsy the cyst fell away. 
There is no doubt that the hepatic and cerebella~ 
cysts were both primary and both of the same age- - 
the difference in size being due to the more rapi | 
growth in the vascular and non-resistant tissue of th: 
cerebellum. The meningitic phenomena are of ir- 
terest and are perhaps due to actual stretching an ! 
irritation of the arachnoid over it. I have notice | 
similar phenomena in a rapidly growing neoplast : 
which had extended into the cerebellar meninges. 


The following case, for the record of whic : 
I am indebted to Mr. W. A. Hailes, F.R.C.S . 
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DEW: HYDATID DISEASE OF THE BRAIN 


- Melbourne, is a good example of what is 
obably—in the absence of the certainty of 
plete autopsy—a primary cerebral hyda- 
‘cyst in the adult. 


‘aSE 3. M.R., a female aged 44 years, was ad- 
ted to the Melbourne Hospital with a history of 
ere frontal headache of 6 months’ duration. The 
daches which were at first paroxysmal, became 
gressively worse and more persistent, particularly 
ing the 3 months previous to admission. For the 

2 months her memory had begun to fail, while 
responses to questions became uncertain and she 
ibited a certain degree of aphasia at times. Three 
‘ks before admission her mother noticed that her 
ech was slurred, her writing began to deteriorate, 
lea progressive weakness in the right arm and leg 
eloped, so that she could neither feed herself nor 
k without assistance. 

here was no vomiting and no gross interference 
h vision, although she thought that the latter was 

so good as formerly. Neither was there any 
ory of hallucinations of smell or sight. 

’ examination, there were found no signs of 
vase in the thoracic or abdominal regions. The 

-dshowed no abnormality—on inspection or palpa- 

a. There was no ocular palsy, but there was a 

at sided facial paralysis of the upper motor 

irone type. The hearing appeared to be hyper- 
« ite, and there was some difficulty in swallowing, 
« hough the palate moved normally on both sides. 
‘1e optic discs showed venous congestion and a 
‘oubtful degree of papilloedema. Owing to lack of 
»-operation and concentration it was found impos- 
sible to determine the fields of vision. 

The superficial abdominal reflexes were present on 
hoth sides but the left was much more active than 
the right. All the deep reflexes of the right side were 
much more active than those of the left, but there 
was no clonus and plantar stimulation gave a flexor 
response on both sides. There were no signs sugges- 
tive of cerebellar involvement. The cerebrospinal 
fluid was under excessive pressure but was clear and 
there was nothing abnormal detected therein. 

The diagnosis of tumor of the left cerebral cortex 
involving the lower part of the motor cortex was 
made and operation advised. 

Operation was carried out—an osteoplastic flap 
being raised on the left side. This revealed in the left 
temporal region a subcortical swelling which was 
discovered to be a simple hydatid cyst, about 3 
inches in diameter. This was removed intact and 
the wound closed without drainage. 

Convalescence was uneventful and 3 weeks after 
operation the patient reported that the headaches 
had gone completely while the facial paresis and 
speech difficulty were clearing up. 

Four days after operation a Casoni interdermal 
test was carried out, the response being a small wheal 
with a large area of erythema, but with no delayed 
reaction. It would probably have been recorded as 
an equivocal reaction had not the history been known. 


Fig. 4. Case 1. Patient 8 months after operation. Hair 
clipped to show scar. 


This case is of interest in that it is probably 
a primary cyst of the brain in an adult—a rare 
condition although two other probable cases 
have been recorded in Australia, while a num- 
ber of isolated cases have been reported in 
other countries. The percentage of primary 
hydatid cysts of the brain in the adult is from 
0.5 per cent to 0.7 per cent—a low figure be- 
cause of the rarity of infestation in the adult 
and because the embryo has to make its way 
through the capillary beds of the liver and 
lung, after which only a small percentage can 
enter the carotid arteries, owing to the man- 
ner in which they arise from the relatively 
much larger aorta. 

Although I have not sufficient statistics for 
accurate deductions, it is suggested that the 
left carotid would receive a larger percentage 
and so cysts of this class should be more fre- 
quent in the left cerebral hemisphere. It is 
probable that in this case infestation with 
the parasite occurred relatively recently, cer- 
tainly not more than—judging from the size 
of the cyst—5 or 6 years previously, not a 
very common occurrence in adults who are 
not nearly so susceptible to helminthic infes- 
tation as children. It is also—arguing by 
analogy with other cases of extrahepatic cysts 
—probable that this patient has a somewhat 
smaller hydatid cyst in the liver, which is at 
present undetectable, but which may mani- 
fest itself in later life. Certainly she should be 
kept under observation for a prolonged period 
and any symptoms referable to the hepatic 
area viewed with the greatest suspicion. 
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Fig. 5. Hydatid cyst of the left lateral lobe of the cere- 
bellum from a child aged 3. By courtesy of Dr. E. Britten- 
Jones. The cyst which has fallen out of its cavity has been 
injected with gelatine, hence its dark color. 


Treatment of primary cysts. These cysts, 
like all non-infiltrating intracranial tumors, 
cause death by gradually increasing pressure 
effects, so that surgical interference is the only 
treatment. Provided localization is accurate, 
and with modern methods this should always 
be the case, the operative procedure is rela- 
tively simple. It should follow the methods 
laid down so ably by Cushing and his school of 
neurosurgery, and the operative mortality 
should be extremely low. It entails the turn- 
ing down, under local anesthesia, of a suitably 
placed osteoplastic flap, the tapping, steriliza- 
tion and evacuation of the cyst and its lami- 
nated membrane, followed by closure without 
drainage. Just as in the case of other uni- 
vesicular fertile cysts the real risk is infection 
of the area of operation by scolices. These 
may, under favorable conditions, form new 
cysts, and lead after a few years to local recur- 
rence in the form of a multivesicular cyst. 
This has been recorded on several occasions 
and must be carefully guarded against. If the 
cyst is comparatively superficial and if there 
is no evidence of its actual contact with the 
walls of the lateral ventricle—partial evacua- 
tion through a needle and the injection of 5 to 
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10 cubic centimeters of commercial formalir , 
which is allowed to act for 2 or 3 minutes, }; 
the procedure to be adopted. This effectivel » 
sterilizes all the scolices in a cyst up to at leas: 
12 centimeters in diameter, which is probabl - 
as large as they are met with in this situation, 
and precludes the danger of sowing fertil : 
scolices in the area of operation. Of course. 
careful packing off with wet pledgets of ‘‘lin- 
tene” or similar material is also advisable a, 
an additional safeguard. If the cyst, as in th: 
case recorded above, has actually bared the 
thin ventricular wall, a protoplasmic fixative 
like formalin may be inadvisable, but every 
effort should be made by means of suction 
etc., to clear out all the hydatid elements and 
then to sterilize the greater part of the cavity 
with pledgets moistened with Zenker’s fluid. 
With care and a due appreciation of the dan- 
ger of sowing scolices, the risk should thereby 
be reduced to a minimum. 

If the cyst lies deeply it will be necessary to 
incise the cortical tissue through a silent area, 
usually with the electric knife. In order that 
the cavity may be easily found, complete 
evacuation before incision is inadvisable and 
when the cyst is opened the pump must be 
ready for full action. The crumpled, brittle, 
laminated membrane must be removed intact 
by careful coaxing through this incision, after 
which the above mentioned toilet is carried 
out. After this is complete the cavity should 
be filled with a properly buffered Ringer’s 
solution and the wound closed without drain- 
age. After-treatment resembles that after 
removal of any cerebral tumor, and should be 
completely uneventful. 

In a previous work on the subject of hyda- 
tid disease in 1928, I, judging from the re. 
ported cases, emphasized the gloomy prog- 
nosis of these cases, partly because then the 
mortality in all cerebral operations in children 
was unduly high and partly because of the 
frequency of recurrence, owing to contamina- 
tion of the wound with scolices. Thanks to 
the work of neurosurgeons, particularly in 
America, who have standardized the surgica! 
attack on intracranial tumors with a resultant 
remarkable fall in mortality, and to the recog. 
nition by all observers of hydatid disease 0! 
the risk of the spread of scolices in the opera- 
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DEW: HYDATID DISEASE OF THE BRAIN 


tic field, it would seem that nowadays prog- 
nosis should be excellent and this, I am sure, 
w be reflected in results in the future. 


SECONDARY CYSTS 


econdary cysts are invariably metastatic, 
ig derived from scolices brought to the 

-in by the blood stream. We are almost 

rely indebted to Dévé, of Rouen, for his 
inal experimental work which first placed 
pathology of metastatic hydatid disease 
. correct basis. 
hey are always secondary to intracardiac 
‘ure of a primary hydatid cyst of the left 
of the heart and are the counterpart of 
astatic pulmonary cysts secondary to rup- 
into the right cardiac chambers. 
ollowing rupture of a primary cyst into 
of the left cardiac chambers, the scolices 
brood capsules are carried into the aorta 
owing to the comparatively large lumen 
nese arteries, from 60 to 70 per cent of them 
 <e their way via the carotid arteries to the 

inthe remainder being distributed to 
nm re distant organs. It follows, therefore, 
tl..t in these cases the brain cysts are usu- 
aly multiple—sometimes very numerous, 
alihough the average number is four—are of 
approximately the same size, are distributed 
bilaterally and indiscriminately throughout 
the cerebral or cerebellar substance, and are 
nearly always associated with cysts of a simi- 
lar nature and stage of development in organs 
such as the spleen or kidney. 

The fate of the original primary cardiac 
cyst varies; it may be completely evacuated, 
undergo fibrosis and obliteration, but more 
often after closure of the rent, some residual 
scolices or brood capsules give rise to reactive 
daughter cyst formation inside the original 
cavity, so that by the time the metastatic 
cysts are of an appreciable size, a matter of 
a year or two, the original single cardiac cyst 
is represented by one containing numerous 
daughter cysts (Fig. 6). 

Many such cases have been recorded in the 
literature but in most of them, owing to in- 
complete observations at autopsy, or to non- 
recognition of the correct pathological story, 
their true significance has been missed and 
the real connection between the cardiac and 


Fig. 6. Multivesicular primary cyst of the cardiac mus- 
cle from a patient aged 24. Associated with multiple 
metastatic cerebral cysts which caused death. From the 
Pathological Museum, University of Sydney. 


the cerebral cysts has not been appreciated. 
It follows that the discovery at autopsy of 
multiple cerebral hydatid cysts should always 
lead to a close examination of the heart for 
the primary cyst, which will be found either 
in involution or containing daughter cysts. 
Conversely, a cardiac cyst with daughter 
cysts should lead to a brain examination. 

Clinical aspects. Owing to the fact that the 
original cardiac cyst must have grown to a 
size large enough to lead to rupture and to the 
necessity for a certain time—1 to 5 years—to 
elapse to allow the cerebral cyst to grow to a 
size large enough to produce symptoms, this 
type is rare in children. The youngest pa- 
tient of which I have any record is a case 
recorded by Verco and Poulton; a boy aged 
14. The average age in an Australian series 
of 7 cases was 22 years. Practically all cases 
of hydatid disease of the brain in adults are 
of this type and so offer a remarkable con- 
trast to the disease in this site in children. 

The clinical picture may be divided into 
three phases and, if an accurate chronological 
story is obtainable, these should always be 
recognizable. 


327 
we 
) 
| 
| 
| 
| 
| 
| 
| 
| 
| 
= 
| 


Fig. 7. Case 3. Multiple metastatic hydatid cysts, 
secondary to a cardiac hydatid. These cysts were all of 
the same size, that of a pigeon’s egg, and were all simple 
univesicular cysts. The liver also contained a small cyst 
of about the same size in the upper part of the right lobe. 
The lungs were clear but a small hydatid 2 inches in 
diameter, containing numerous small daughter cysts was 
found in the wall of the left ventricle of the heart. This 
was in all respects similar to that shown in Figure 6. 


1. The initial intracardiac rupture of the 
simple univesicular primary cyst is usually 
associated with sudden collapse, urgent dysp- 
noea, cardiovascular disturbances, or vary- 
ing symptoms of an anaphylactic nature. 
This is due to‘the sudden introduction into the 
blood stream of a sensitized patient of the 
specific antigen, and although in rare cases 
death may be produced, in the case of a small 
cyst it is conceivable that little effect would 
be noticeable. In few, if any, of the recorded 
cases has this point been emphasized, mainly 
because it was not searched for, but often 
probably because it had been forgotten by the 
patient. Careful investigation would no doubt 
reveal some illness which would suggest an 
anaphylactic attack. The patient recovers com- 
pletely and rapidly, on examination appears 
normal, then passes into the second phase. 

2. A phase of latency extending over a 
period of 1 to 5 years during which the meta- 
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static cysts grow while the original card) ic 
cyst undergoes obliteration by fibrosis or re: c- 
tive daughter cyst formation. 

3. A phase of development of increas d 
intracranial pressure from the growth of t ie 
secondary cysts. Owing to the fact that these 
cysts are multiple and distributed in a wice- 
spread fashion, it follows that the cereb1al 
signs and symptoms may be protean, rather 
like that due to metastatic neoplastic disease, 
so that accurate localization may be difficult 
or impossible. As the skull of adults is dense 
and resistant, bony changes are not common. - 
indeed there is nothing in these cases to dis- 
tinguish them from any other causes of in- 
creased intracranial pressure. 

Death in this type is brought about, either 
from the results of increased intracranial pres- 
sure, the intensity and rapidity of develop- 
ment of which is dependent on the number of 
metastatic cysts present, or follows a second 
intracardiac rupture of the now multivesicu- 
lar primary cyst. The latter event produces 
severe anaphylactic shock and owing to the 
comparatively large size of the daughter cysts, 
a rapidly fatal hydatid embolism of the main 
cerebral arteries. The following is a typical 
history of secondary cerebral echinococcis. 


CasE 4. K.B., female, aged 18 years, admitted to 
hospital with signs of increased intracranial tension. 

About a year before admission the patient had had 
an attack of what was, because of the occurrence of 
urticaria, etc., thought to be ‘“‘ptomaine poisoning.” 
Some hours after a meal of saveloys she became very 
ill with vomiting, colic-like abdominal pains, and 
collapse. She remained in a more or less unconscious 
condition for 2 days. When she recovered conscious- 
ness she felt well but could not walk in comfort for 
some days because of painful contractions in the 
muscles of her legs. After a few weeks she was 
apparently normal. 

History on admission. Three months before ac- 
mission she had noticed intermittent occipital heac- 
ache and interference with visual acuity. Two 
months later she noticed weakness of the left upper 
limb and a week later had attacks of vomiting unre- 
lated to the taking of food. During the last few days 
the headaches had become much worse and more cr 
less continuous and she had developed photophobi  . 
All her other functions appeared normal. 

Physical examination. The patient’s face was e: - 
pressionless and she was mentally dull. She showe | 
ptosis of the right eye but no strabismus, no diplopi: , 
and no nystagmus, while the pupils reacted to lig} ¢ 
and accommodation. Examination of the funci 
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bilateral papilleedema—more marked in the 
rig¢ot eye. Her fields of vision were not charted. 
Th ve was a left sided facial paresis of the supra- 
nu ar type, but all the other cranial nerves seemed 
no oal. There was a distinct weakness of the left 
ar the dynamometer readings being right 30, left 
1o he superficial abdominal reflexes were present 
bu vere less active on the right side. The knee, 
an °, and arm joints were all equal and fairly active. 
T) plantar reflexes were equivocal but were taken 
as -xor. The gait was tottering with uncertain 
eq -brium, but there was no tendency to fall in any 
on. rection. 

e apex beat of the heart was in the fifth space, 
3.;_ ches from the midline—there was no increase 
of -ht cardiac dullness. A midsystolic bruit was 
he just inside the apex beat and up to the first 
int ostal space; other cardiac sounds were clear. 
Lu sand other organs appeared to be normal. 

yation. A right sided cerebral exploration was 
ca’ -d out; great increase of intracranial pressure 
wa ound, but as no new-growth or cyst was dis- 
co. ed, a simple decompression was carried out. 
Af operation a large cerebral hernia developed 
an he patient died in coma, some 4 weeks later. 

_ topsy. Multiple hydatid cysts of the brain were 
fov 1: four in left frontal region, one in each parietal 
lol and one in left cerebellar hemisphere (Fig. 7). 


his case is classical and instructive. There 
ca! be little doubt that the attack 12 months 
pr viously was due to hydatid anaphylaxis 
an: coincided with the initial intracardiac 
rupture of the primary cyst and that the diag- 
nosis of ptomaine poisoning was erroneous. 
The period of a year’s latency followed by the 
development of the signs of increased intra- 
cranial tension, coincides with the size of the 
metastatic cysts of the brain and liver and 
with the reactive daughter cysts in the original 
cardiac cyst. The protean and rather puzzling 
nervous manifestations were due to the multi- 
plicity of the cysts and made accurate locali- 
zation impossible. 

In this case—although in retrospect the 
diagnosis is easy—a correct diagnosis was 
not made until autopsy. There is little doubt 
that in these cases, owing to the absorption 
of comparatively large amounts of hydatid 
antigen, the Casoni intradermal test and 
the hydatid serological reactions should give 
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almost universally positive findings, but until 
this is carried out as a routine or until we dis- 
cover the criteria by which we can detect a 
quiescent cardiac hydatid, the antemortem 
diagnosis of these cases must always remain 
a matter of chance. 

Owing to the multiplicity of the cerebral 
cysts and to the presence of a cardiac cyst 
which is in imminent danger of a secondary 
rupture, no treatment is of any value in these 
cases and operation is contra-indicated. 


SUMMARY 


1. There are two distinct varieties of hyda- 
tid of the brain—primary and secondary. 

2. Primary cysts occur almost exclusively 
in young children, are simple, and give rise to 
similar clinical syndromes to any other be- 
nign, non-infiltrating tumors, and are amen- 
able to surgical operation. 

3. Secondary cysts are metastatic, occur 
almost exclusively in adults or adolescents, 
are secondary to an intracardiac rupture of a 
fertile primary cyst into the left side of the 
heart. 

4. They produce protean nervous manifes- 
tations owing to their multiplicity, and in- 
variably produce fatal results, not being 
amenable to surgery. 

5. The diagnosis of either type may be sus- 
pected in “hydatid” countries, but even 
there may depend on positive intradermal or 
serological reactions. 

I have to acknowledge with gratitude the courtesy of 
Drs. Temple Smith and R. B. Wade of Sydney, Dr. 
Britten-Jones of Adelaide, and Mr. W. A. Hailes of Mel- 


bourne, who have put their records at my disposal and 
given me access to their cases. 
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thyroidism is unknown, the most 

efficient treatment is the operation of 
subtotal thyroidectomy. By this procedure, 
the surgeon breaks a vicious circle which in- 
volves the thyroid gland, other glands of in- 
ternal secretion, and the sympathetic nervous 
system. 

During recent years, many papers on vari- 
ous aspects of exophthalmic goiter have been 
published, the great majority from American 
clinics. The outstanding contributions have 
been the isolation of thyroxin by Kendall and 
the rationalization of iodine therapy by Plum- 
mer. Many of the articles have dealt with such 
topics as the technique of thyroidectomy, 
operative mortality, the multiple stage opera- 
tion, the management of the “ poor-risk’’ and 
the ‘“‘thyro-cardiac,”’ the basal metabolic rate, 
and the estimation of end-results. These pub- 
lications, representing the experiences of 
authorities in the most prominent clinics, have 


gestern the basic cause of hyper- 
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Fig. 1. Approximate line of division when posterior part 
of lobe is left so as to safeguard the parathyroids and recur- 
rent laryngeal nerve. A, Parathyroid; B, thyroid; C, posi- 
tion of trachea; D, cesophagus. Recurrent nerve lies be- 
tween thyroid and trachea (magnification <8). From 
Ann. Surg., 1916, Ixiii, 71. 
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THE SURGICAL TREATMENT OF EXOPHTHALMIC GOITER 
LATE END-RESULTS 


EUGENE H. POOL, M.D., F.A.C.S., anv JOHN H. GARLOCK, M.D., F.A.C.S., NEw York 


served to crystallize our present knowledge of 
the various aspects of the disease. 

Since the earlier years of our experience, it 
has been our belief that the enlargement of 
the thyroid gland is merely an incident in a 
general disturbance and that the operation of 
subtotal thyroidectomy is only a makeshift 
for want of the elimination of the actual cause 
of the disease. We argued that, if the same 
factors which initiated the disease remained 
active after operation, many recurrences 
would be noted if the patients were observed 
for a long period. We, therefore, decided to 
follow every case indefinitely. This paper, 
then, constitutes an analysis of 225 cases of 
exophthalmic goiter treated on the Second 
Surgical Division of the old New York Hos- 
pital, which were carefully followed by re- 
peated examinations during the period of 
years between 1915 and 1932. It must be em- 
phasized that these were all ward patients, 
and after discharge from the hospital, it was 
usually impossible to eliminate or correct the 
factors which seemed to be contributory in 
initiating the disease. This feature is less im- 
portant in private patients since their lives 
may be more effectively regulated. Our 
private cases, which constitute a larger series, 
were, of necessity, not included in the follow- 
up clinic. The results, both immediate and 
late, were better than those noted in this 
series of ward cases, but it has not been feas- 
ible to reduce these results to figures. 

In the series of 225 patients, there were 1°79 
females and 46 males, a ratio of approxi- 
mately 4 to 1. Between the years rg15 ard | 
1929, 20 males were admitted for treatmert. 
From 1929 to 1932, there were 26 men. Thee 
figures suggest that the incidence of exophthi |- | 
mic goiter in the male was markedly increas: d 
following the great stress and strain subs:- 
quent to the depression of 1929. 

An analysis of the age grouping reveals t 
interesting fact that the vast majority f 
patients fall into the third and fourth decad: 3, 
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Fig. 2. 


r. 2. Retraction of sternohyoid and division of sterno- 
vid. 

4. 3. Insertion of special curved clamp between isth- 
and trachea. When the clamp is opened the isthmus 
parated from the trachea without hemorrhage, two 


he period of greatest activity. There were 

patients in the second decade, 77 in the 

rd, 73 in the fourth, 31 in the fifth, and 13 
it the sixth. 

‘he occupations of the patients elicited 


Fig. 5. Superior vessels have been divided and lobe 
freed laterally. Clamps are placed along posterior part of 
the lobe and lobe removed anterior to them. From Surg., 
Gynec. & Obst., 1930, 1, 1001. 
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Fig. 4. 
special clamps are then placed on the isthmus which is 
divided between them. From Surg., Gynec. & Obst., 1930, |, 
1001. 
Fig. 4. Isthmus divided between clamps and dissected 
from trachea. From Surg., Gynec. & Obst., 1930, |, 1001. 


some interesting facts. One hundred and two 
gave their occupations as housewives. Careful 
questioning indicated in almost every instance 
either excessive work, financial distress, too 
many pregnancies or marital difficulties; 77 
were listed as factory workers. This group 
suggests again the possibility of stress and 
strain as activating factors. The remainder 
were scattered among the classifications of 


Fig. 6. Resection has been completed leaving a small 
part of each lateral lobe. From Surg., Gynec. & Obst., 1930, 
r001. 
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Fig. 7. Special double-tooth thumb forceps approximate 
skin edges to facilitate application of Michel clips. From 
Surg., Gynec. & Obst., 1930, 1, toot. 


laborers, teachers, school girls, and stenog- 
raphers. 

Many of the patients suggested events in 
their lives precipitating their illnesses. Thus, 
21 indicated that constant worry was a fac- 
tor, 10 had family difficulties, in 18 cases there 
was a sudden death in the family, 12 followed 
seve-e infectious diseases, 8 were precipitated 
by childbirth, and 7 gave financial worries as 
a possible cause. In 2 cases, the train of events 
was quite dramatic. Both patients were 
young women who were badly frightened by a 
hold-up. Within 2 weeks, each presented the 
classical signs of a severely toxic exophthalmic 
goiter. One of these patients had been seen 3 
weeks before in the gynecological clinic and, at 
that time, there was no indication of the 
presence of hyperthyroidism. 

The majority of the patients sought treat- 
ment within 12 months of the onset of the 
disease. Thus, 79 had symptoms from 2 
weeks to 6 months; 45 from 6 to 12 months; 
and 28 from 12 to 18 months. There were 31 
patients who apparently had the disease for 
more than 4 years. 

A survey of the histories of these patients 
indicated that the majority presented symp- 
toms usually associated with hyperthyroidism; 
namely, tachycardia, tremor, goiter, palpita- 
tion, asthenia, nervousness, emotional in- 
stability, dyspnoea on exertion, excessive 
sweating, and attacks of diarrhoea. Approxi- 
mately 50 per cent showed exophthalmos. Ex- 
cessive appetite was a common complaint. 
Menstrual irregularities were frequent. Loss 
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of weight was common: 11 patients lost fro n 
1 to 10 pounds; 51 from 1o to 20 pounds; | 9 
from 20 to 30 pounds; and 30 lost more thi a 
30 pounds. Eleven patients stated that the e 
had been no weight loss. The size of the goit r 
and the degree of toxicity were not comme: - 
surate. Many patients with barely recogni - 
able enlargement of the thyroid present« | 
marked toxicity. 

The findings on physical examination weie 
fairly constant. Most of the patients pri - 
sented psychomotor activity, mental appr: - 
hension, tremor, sweating, muscular weaknes., 
enlarged thyroid gland of varying degre: , 
rapid pulse, elevated blood pressure, skin of 
fine texture, tapering fingers. About 50 per 
cent presented exophthalmos of varying de- 
grees with the associated confirmatory eye 
signs. In 108 cases, there was a systolic mur- 
mur at the apex. Diastolic murmurs were de- 
tected in 8 instances. Ten patients had marked 
auricular fibrillation. In 88 patients no de- 
tectable cardiac abnormality was presented. 
Cardiac enlargement was noted in 20 cases. 
Every patient, after admission to the hos- 
pital, was subjected to electrocardiographic 
examination. That these abnormal heart 
findings, in most instances, are of but tran- 
sient significance, is evidenced by the fact that 
careful follow-up studies indicated their even- 
tual disappearance. Six of the 1o patients 
admitted with auricular fibrillation subse- 
quently regained a normal heart rhythm. 

Before the use of iodine (Lugol’s solution) 
in October, 1924, the ante-operative prepara- 
tion of these patients was relatively ineffec- 
tive and the operative mortality was high. 
The employment of Lugol’s solution in the 
pre-operative preparation immediately im- 
proved the results. The symptoms of exoph- 
thalmic goiter, as a rule, are quickly amel’- 
orated following the administration of Lugol s 
solution. Elderly patients, however, do not 


tespond as quickly as younger ones. Patients 


who have had iodine before hospitalizatio 
are particularly resistant to its pre-operativ: 
administration. Some patients were definitel ° 
“‘iodine-fast.”” Most of the cases in the latte - 
group were discharged from the hospital t> 
rest for a period of 2 or 3 months withov: 
iodine therapy. Upon readmission, the’- 
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response to Lugol’s solution was usually satis- 
factory. Another group showed marked im- 
provement following the removal of foci of 
infection, as diseased tonsils and carious 
teeth, and subsequently showed a more rapid 
response to iodine. The usual effect following 
the administration of Lugol’s solution (minims 
io to 15 three times a day), is a marked fall 
in the basal metabolic rate within eight to ten 
days, gain in weight, drop in the pulse rate, 
and general improvement. Some patients need 
a longer period to exhibit this improvement. 
Each patient is an individual problem. 

The first basal metabolism estimation was 
done in March, 1921. Since then, the test has 
been in constant use and has proved a most 
valuable aid in determining the degree of tox- 
icity and the extent of improvement. Within 
recent years, however, we have relied less upon 
it as an indication for instituting surgical 
therapy. Rather are we stressing more the 
clinical improvement as shown by a drop in 
pulse rate, general well-being of the patient, 
and, particularly, by a definite gain in weight. 
We feel, in general, that no operative proce- 
dure should be attempted in the presence of 
loss of weight. This must mean that catabol- 
ism overbalances anabolism and that thyroid 
activity is too great to permit of safe surgery. 
The records indicate that, when thyroidec- 
tomy was performed during a weight loss, 
severe postoperative reactions or a mortality 
resulted. 


TECHNIQUE OF THYROIDECTOMY 


The operation of thyroidectomy is fairly 
well standardized. There are minor differences 
in the technique of all surgeons, but they are 
relatively unimportant. In 1930,! we reported 
a method which advised division only of the 
sternothyroid muscles near their insertion and 
the division of the isthmus. Division of the 
isthmus was practiced by us as early as 1915. 
In most instances, splitting of the isthmus is 
easily done, but, occasionally, when it is 
markedly hypertrophied, it is unwise to at- 
tempt this method. Although the general 
details of the technical side are important, the 
thyroid surgeon must evolve for himself an 
operative procedure which minimizes bleed- 

'Surg., Gynec. & Obst., 1930, 1, roor—Figs. 1-7. 


ing, permits of adequate exposure, reduces 
trauma and can be executed quickly and 
safely. 

Prior to the employment of Lugol’s solu- 
tion, a graded operation consisting of polar 
ligation followed by unilateral or bilateral 
lobectomy was commonly employed. We be- 
lieve that little is accomplished by a polar 
ligation. Its effect is uncertain. Since 1926, 
polar ligation has been done in only 2 cases. 
However, it is still occasionally necessary to 
perform thyroidectomy in two stages: i.e., 
one lobe and isthmus at the first operation 
and the second lobe at a later date. The deci- 
sion as to which patient will need a multiple 
stage operation comes with experience and 
cannot be obtained by following any set rules. 
One is influenced by the intensity of the dis- 
ease, the course while being prepared for opera- 
tion, and the reaction on the operating table 
during the initial procedure. 


ANALYSIS OF CASES 


Polar ligation. In 17 cases, unilateral or 
bilateral superior pole ligation was performed 
and no subsequent surgery was carried out. 
Five patients died after operation, 4 with 


_ symptoms of a thyroid storm, and 1 of heart 


failure. These deaths occurred prior to 1926. 
Eight of these patients refused to have any- 
thing further done. They were followed from 
6 months to 4 years. Little change in their 
conditions was noted. In 1 patient, further 
surgery was inadvisable because of the develop- 
ment of mental disease requiring state hos- 
pital care. One patient, followed for 3 years, 
showed such marked improvement that fur- 
ther surgery was not recommended. Still 
another was followed for 4 years; at the end of 
that time, she presented none of the signs of 
hyperthyroidism. One patient died of luetic 
aortitis 5 years later. 

Ligation followed by resection in one or two 
stages—26 cases. Four died after operation; in 
2, both prior to 1923, thyrotoxicosis was 
responsible for the fatality; 1 developed a 
wound infection, followed later by hamor- 
rhage. Death occurred on the sixteenth day 
and autopsy disclosed a large thymus, pericar- 
ditis, and pleural effusion. The fourth patient 
died suddenly 48 hours after operation. Post- 
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mortem examination disclosed a hemorrhage 
into the superior mediastinum. 

Careful follow-up data are available in the 
22 remaining cases. Thirteen patients were 
followed for from 1 to 10 years, the average 
period being 7 years. During their entire 
follow-up period, these patients remained free 


from any evidences of recurrent hyperthy-- 


roidism and were rated as roo per cent re- 
sults. We wish to emphasize that all of the 
cases reported in this paper were carefully 
examined, following a complete history-taking 
every 4 to 6 months after discharge from the 
hospital. These personal examinations were 
supplemented by basal metabolism deter- 
minations in many instances. We believe that 
follow-up records based on letters are inac- 
curate and that a personal approach alone is 
reliable. We regard this record of our ex- 
periences as significant, especially from the 
standpoint of the recurrence rate. Frequently, 
a recurrence was noted before the patient 
offered any complaints. 

The 9 remaining patients developed recur- 
rences; that is, enlargement of the thyroid 
with toxic symptoms. They are herewith 
summarized: 


CasE 1. A small recurrence was noted on the 
right side after 2 years of good health. 

CasE 2. A small recurrence was noted on the 
left side after 2 years of good health. 

CasE 3. After 2 years of excellent health, patient 
developed a large recurrence following a difficult 
childbirth. A second resection was done. Two years 
later she was rated 100 per cent. 

Case 4. After 8 years of freedom from symptoms, 
this patient was badly frightened in an automobile 
accident. A few weeks later she exhibited the signs 
of a mild hyperthyroidism with small nodules in 
each lobe. After a course of X-ray therapy, all 
symptoms disappeared and the patient has been well 
for 2 years. 

Case 5. A large recurrence was noted after 1 
year. A second resection resulted in an operative 
mortality. 

Case 6. A recurrence was noted within 6 months. 
Following the second resection, the patient has re- 
mained well 4 years. 

CasE 7. This patient remained well for 4 years 
before she developed a recurrence. A second opera- 
tion resulted in freedom from symptoms for 2 years. 
Following a difficult family situation, a small recur- 
ence was noted on the right side. 

Case 8. After 2 years of excellent health, a small 
recurrence developed on the right side. Tonsillec- 


tomy and radiotherapy brought relief. 
has been perfectly well for 2 years. 

CasE 9. Except for cardiac symptoms due to 
chronic cardiac valvular disease, this patient was 
well for 3 years. After severe financial reverses in 
1920, a large recurrence was noted. This was again 
resected in two stages. The patient died suddenly 
1 year later of heart failure. 


This man 


Resection in two stages without previous 
ligation. There were 3 cases. They are classi- 
fied as 100 per cent cures, after 3, 7, and 9 
years respectively. (One patient died after 
operation of thyrotoxicosis after resection of 
one lobe, a two stage procedure having been 
planned.) 

Primary resections in one stage. This group 
constitutes the bulk of the series, 178 cases. 
There were 7 operative deaths, most of them 
occurring before 1928. In 5 cases, the cause of 
death was postoperative thyrotoxicosis. One 
patient died suddenly of heart failure on the 
fourth postoperative day. In the seventh case 
tetany developed and did not respond to 
treatment. The mortality rate for this group 
was 3.9 per cent. However, the records indi- 
cate that most of the deaths occurred in the 
earlier days of our experience. More recently, 
there has been marked improvement. In the 
last 107 cases, there has been 1 death, or a 
rate of less than 1 per cent. 

Careful follow-up data were obtained in the 
remaining 171 cases. One hundred and fifty 
followed for from 6 months to 9 years were 
classified as 100 per cent. In other words, 
these patients were perfectly well and pre- 
sented none of the symptoms of hyperthy- 
roidism. Of these, 35 were followed 6 months, 
41 for 1 year, 37 for 2 years, 18 for 3 years, 4 
for 4 years, g for 5 years, 4 for 6 years, 3 for 7 
years, 1 for 8 years, and 3 for g years. Five 
patients were classified as go per cent. Three 
presented a persistent exophthalmos, and 2 
retained their tremor. 

In the 16 remaining cases recurrences de- 
veloped and it is upon these that our interest 
is centered. They are herewith summarized: 

CasE 1. Symptoms returned within 6 months. 
One year later (1918) a second resection was done. 
The patient died after operation. This should be 
classed as a persistent hyperthyroidism, because it 
seemed evident that the resection was insufficient. 


CasE 2. A small recurrence was noted after 1 
year. The patient was then lost from follow-up. 
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CasE 3. A recurrence was detected after 2 years. 
A second resection was done. Later, a recurrent 
nodule was felt in the left upper pole. This dis- 
appeared after a course of radiotherapy. The patient 
has remained well for six years. 

CasE 4. Recurrence after 1 year. Second resec- 
tion was then done. Patient has remained perfectly 
well for 7 years. 

CasE 5. This patient’s course is quite significant. 
She remained well for 9 years, when, after financial 
reverses, she developed a large recurrence rather 
suddenly. She refused further surgery. 

(ase 6. Two months after operation, a large 
nodule was detected. This should be classed as per- 
sistent hyperthyroidism. A second resection was 
then done. One year later a small recurrence was 
noted. This responded quickly to X-ray. She has 
been well for 4 years. 

Case 7. Persistent symptoms after 3 months. 
The resection had not been radical enough. A second 
resection was done at another hospital. Four years 
later she returned presenting a large recurrence. 
She refused further surgery. This patient was con- 
stantly combating adverse environmental condi- 
tions which could not be corrected. 

Case 8. This patient was classified as 100 per 
cent for 3 years. Following a harrowing experience 
in an automobile accident, she developed a large re- 
currence. A second resection was done. She has 
remained well for 2 years. 

Case g. After 5 years of excellent health, patient 
developed a small recurrence with mild symp- 
toms. A change of environment brought quick relief. 

CasE 10. Symptoms returned in 6 months, due 
probably, to insufficient resection. Because further 
surgery was refused, X-ray therapy was instituted. 
Although benefited, she still presents evidences of 
hyperthyroidism. 


Radiotherapy has given us best results with 
small recurrent nodules. They frequently dis- 
appear or are replaced by scar tissue. When 
the recurrences are large, the X-ray seems to 
have little influence. 


CasE 11. A recurrence was noted in 6 months. 
Two years later a second resection was done. The 
patient has remained well for 2 years. 

CasE 12. A small nodule was detected after 6 
months. The symptoms were mild. This case was 
subsequently lost. 

CasE 13. A recurrent nodule was detected after 
8 months. Basal metabolic rate was 33 per cent. 
Radiotherapy was instituted. The patient has been 
well for 2 years. 

Case 14. Within 1 year, a large mass was pal- 
pable. Judging from the operative description, only 
a partial thyroidectomy was performed. Further 
follow-up data are not available. 

CasE 15. This should be classed as a persistent 
case due to inadequate surgery. Signs of hyper- 
thyroidism returned within 9 months. 


CasE 16. This is another case of persistent 
hyperthyroidism from insufficient surgery. Symp- 
toms returned after 3 months. A second resection 
was followed by good health which has continued 
for 11% years. 


There seems little room for doubt that the 
occasional thyroid surgeon will have a high 
recurrence rate because of inadequate sur- 
gery. Timidity because of fear of injury to the 
recurrent nerves and the parathyroid bodies 
and operative indecision because he has not 
yet developed a standard procedure, are 
probably the reasons for this. At least 7 cases 
in the above 16 recurrences were operated upon 
by members of the staff who only occasionally 
performed thyroidectomies. The occasional 
goiter surgeon must expect many recurrences. 
It takes considerable experience to operate 
efficiently and adequately in this disease. The 
recurrence rate in this group of 171 primary 
resections was 9.3 per cent. 


POSTOPERATIVE COMPLICATIONS 


Not infrequently during the course of a 
thyroidectomy, the anesthetist will inform the 
surgeon that the pulse rate is rising or that he 
is not satisfied with the patient’s condition, 
and request him to terminate the operation as 
quickly as possible. Under such circumstances, 
we have made it a practice to leave the wound 
open, packing it with vaseline gauze or gauze 
soaked in Dakin’s solution. In 2 or 3 days, a 
delayed primary closure may be done safely. 
The wound was left open sixteen times in this 
series. Four of these patients died after 
operation. In 2 cases a mild wound infection 
resulted. In the entire series, there were five 
wound infections, but none of them was of a 
serious nature. 

Aside from the patients who died, there 
were only 5 instances of severe postoperative 
reaction. The liberal use of intravenous 
glucose, morphine, and iodine mainly by vein, 
resulted in recovery. One patient developed 
a hemiplegia after a cerebral embolus. There 
was only one instance of recurrent nerve in- 
jury. Careful laryngeal examinations were 
made, as a rule, before and after operation. 
Two patients developed postoperative tetany. 
One was transient and responded quickly 
to parathormone and calcium therapy. The 
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other succumbed, mainly because of a thy- 
rotoxicosis. 

The low incidence of pulmonary complica- 
tions after thyroidectomy is noteworthy. In 
this group, there were 2 cases of postoperative 
pneumonia and 2 of massive atelectasis. All 4 
patients survived. There was 1 patient who 
developed pericarditis. This was one of many 
complications which led to her death. 

Three patients developed a wound hemor- 
rhage. In one case, it occurred on the six- 
teenth postoperative day and was one of 
many complications. The patient died of 
other causes. In the second case death came 
suddently on the second day with few evi- 
dences to suggest such a complication. At 
postmortem, it was found that the neck wound 
was remarkably free of blood, but that blood 
had gravitated into the superior mediastinum. 
The third patient, about 6 hours after opera- 
tion, suddenly developed symptoms to sug- 
gest recurrent nerve injury. Laryngeal exami- 
nation indicated bilateral nerve paralysis. In- 
spection of the neck showed a marked bulging 
in the operative area. The wound was opened 
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widely and the blood clots evacuated. A 
tracheotomy was then done. This patient re- 
covered quickly and completely regained the 
function of his vocal cords. 

When a wound hemorrhage is suspected 
and it is severe enough to cause obstructive 
symptoms, the condition should be treated as 
an emergency. Wide opening of the wound, 
evacuation of the blood clots, and the inser- 
tion of gauze packing usually suffice. 


CONCLUSIONS 


1. Enlargement of the thyroid gland is 
only an incident in the disease of exophthal- 
mic goiter. 

2. The operation of subtotal thyroidectomy 
is but a makeshift for want of the elimination 
of the actual cause of the disease. 

3. If the same factors which initiated the 
disease remain operative after operation, 
many recurrences will be observed if the 
patients are followed for a long period. 

4. In 194 cases, carefully followed over a 
period of from 6 months to to years, there 
were 25 recurrences, or a percentage of 7.7. 
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GASTRIC RESECTION FOR PEPTIC ULCER: TECHNIQUE! 
H. M. RICHTER, M.D., F.A.C.S., Cutcaco 


IDE resection of the stomach as a 
WW wantin procedure for simple benign 

but resistant ulcer of either duode- 
num or stomach has found a prominent and, I 
believe, a permanent place in the continental 
European literature of gastric surgery. The 
American literature reflects a far more con- 
servative attitude yet I believe there is an 
ever widening circle of accepted indications 
for more radical procedure. This develop- 
ment has been rather irregular along several 
lines. The technique has varied and the objec- 
tive has not always been the same. The pur- 
pose of this paper is to present the writer’s 
idea of the objective to be attained in wide 
resection and to give a short description of the 
more important steps in the technique. 

First, it is important to emphasize that 
neither neutralization nor reduction or elimi- 
nation of acidity is an objective of resection. 
These can be attained by simpler means. 
Neutralization and reduction of acidity are 
incidentally attained and have the same auxil- 
iary value as when obtained in the simpler 
operations or by adequate non-surgical treat- 
ment. The objective of resection is quite dif- 
ferent. For all practical clinical purposes 
peptic ulcer may be said to be almost limited 
to a very restricted portion of the stomach and 
duodenum. This is the lesser curvature and 
distal half or more of the stomach and first 
portion of the duodenum. This is so true that 
this may be regarded as a distinct area, the 
ulcer-bearing segment. The objective of gas- 
tric resection for a benign ulcer is the removal 
of this segment. When adequately executed, 
recurrence must be extremely infrequent. 
Conversely, failure, with recurrence of ulcer 
is probably most frequently due to a failure 
to accomplish a sufficiently wide resection, 
though technical errors, such as spur forma- 
tion, badly arranged gastrojejunal anastomo- 
sis, etc., probably play a part. That we in 
America have a relatively larger number of 
failures than is admitted by European sur- 
geons is quite probable, for a larger number 


1From the Department of Surgery, Northwestern University Medical School. 


of our cases are among the earlier attempts of 
surgeons not entirely familiar with the tech- 
nique or the objective sought. What amounts 
to the removal of the pyloric ring with more 
or less of the antrum is not to be confused 
with the operation here described. It is un- 
fortunate that the failures of such limited 
operations should be included in reports of 
failures of wide resection. The size of the 
ulcer, its multiplicity, the area involved, are 
not to be regarded as factors in determining 
the extent of the resection. If resection is in- 
dicated at all it should be a wide resection. 

Few steps in so fully developed an opera- 
tion as resection of the stomach can be ex- 
pected to be original. However, several oper- 
ations have been developed differing quite 
radically from each other in principle and the 
various steps of these operations have varied 
in the hands of different surgeons. It is the 
writer’s purpose to describe in detail the more 
important steps of the operation which he 
prefers. This is a wide resection of the stom- 
ach, including especially, the lesser curvature, 
the magenstrasse, with the end-to-side gastro- 
jejunal anastomosis which had its origin in the 
second operation of Billroth, and has been so 
widely modified. The end-to-side operation 
of gastroduodenostomy more recently devel- 
oped by Haberer is technically simpler and 
physiologically logical, but is objectionable in 
that it necessitates very conservative resection 
of the stomach. The illustrations in Haberer’s 
original paper show an antrectomy, which I 
believe is not satisfactory. It may be consid- 
ered a satisfactory substitute for the various 
ulcer excisions and pyloroplasties, but not for 
resection. 


PREPARATION OF THE PATIENT 


Partial gastric resection is rarely an emer- 
gency operation. There is usually adequate 
time to get the patient in the best possible 
condition to withstand a major operation. A 
few conditions may militate against delay for 
preparation. 
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Severe hemorrhage can usually be con- 
trolled by various means, including, first and 
foremost, adequate blood transfusions. Occa- 
sionally hemorrhage persists and surgical in- 
terference is indicated. In such a case a final 
transfusion just before operation may be of 
the greatest value. Operation during pro- 
found hemorrhage without such a supporting 
transfusion seems to me to be inexcusable. 

Severe starvation and particularly dehydra- 
tion from high grade pyloric stenosis offers a 
serious problem. Water, salt and glucose, in- 
travenously, subcutaneously, and rectally, and 
blood transfusions offer ample means of im- 
proving the patient’s condition sufficiently to 
operate in most cases. Rarely a jejunostomy 
may be indicated after the water balance has 
been adjusted. The jejunostomy should be 
low enough to permit the required operative 
maneuvers later. It serves a useful purpose in 
permitting operation to be deferred until the 
patient’s condition is entirely satisfactory. It 
should be utilized after the resection until nor- 
mal feedings can be instituted. 

Acute perforation of an ulcer constitutes an 
urgent indication for operation. Most sur- 
geons prefer some simple method of repair of 
the perforation to more radical measures. 
However, many patients remain in excellent 
physical condition for some hours after per- 
foration occurs. As was pointed out years ago 
by Moynihan, these patients are not in shock. 
The agonizing pain is disabling, but the blood 
pressure remains normal, or may rise. The 
peritonitis is not at first an infective process, 
but a reaction to a chemical irritant. Under 
these circumstances resection can usually be 
performed quite as safely as under more usual 
conditions. An excessive inflammatory oedema 
about the pylorus and duodenum may make 
the freeing of these parts more difficult, and 
constitute the only objection to proceeding 
with the resection. The peritoneal exudate is 
not a disturbing factor. It should be removed 
with an aspirator. After some hours, the in- 
flammatory process becomes an infective af- 
fair, and the patient’s condition becomes 
poorer; resection is then contra-indicated. 

In the absence of such complications as 
these, many patients can be operated upon 
after*such usual pre-operative measures as 
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apply to most major cases. By means of 
proper dietary measures, the use of the nasal 
or stomach tube to insure emptying of the 
stomach at night, etc., the internist can sub- 
stantially reduce the size of a dilated stomach 
and make easier the surgeon’s work. Duode- 
nal feeding may greatly reduce the inflamma- 
tory swelling about a lesser curvature or 
duodenal ulcer: Much can be done toward 
improving the general condition of a patient 
weakened by greatly reduced food intake, or 
prolonged or repeated minor hemorrhages. 

Finally, in common with all major operative 
cases, the patient’s blood grouping should be 
determined, and there should be on call proper 
donors to be used should the need arise. 

The Levine nasal tube has proved to be of 
great value. It is passed the evening before 
operation in cases of retention and allowed to 
remain; or just before operation where no re- 
tention exists. Siphonage with or without suc- 
tion keeps the stomach empty. Toward the 
completion of the operation, as will be stated 
later, it is pushed down into the jejunum to 
facilitate early postoperative administration 
of liquids. 

TECHNIQUE 

The choice of incision, whether median or 
right or left paramedian, must ultimately be a 
personal one, since each has its advantages 
and some disadvantages. Adequate access is 
essential. Exploration and operative manipu- 
lation should be unhampered. The study in- 
cludes the condition of the lesion and the 
extent of its inflammatory fixation to pan- 
creas, liver, or other adjacent organ. A small 
duodenal ulcer may be overlooked in the pres- 
ence of a large deforming ulcer on the lesser 
curvature. An old gastro-enterostomy usually 
adds considerable technical difficulties. A 
pathological gall bladder or appendix must 
not be overlooked. The appendix is removed 
routinely at the end of the operation if the 
condition of the patient permits; a pathologi- 
cal gall bladder can usually be removed, but 
its removal may be deferred if it seems best. 

After the routine exploration is completed, 
the anterior surface of the stomach is grasped 
with two heavy forceps to be used as handles 
(Fig. 1). The stomach is drawn down and a 
finger or two of the left hand is pushed through 
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the almost bloodless gastrohepatic omentum 
to admit air to the lesser peritoneal cavity. 
This maneuver allows the colon to fall away 
from the stomach, and the transverse meso- 
colon from the gastrocolic omentum. This 
effect is increased by pushing the fingers of the 
left hand well into the lesser cavity, raising the 
stomach and pushing the colon away. There 
is, however, a variable extent of fusion be- 
tween the mesocolon and the gastrocolic 
omentum. Toward the left the two structures 
are quite free, and fall apart quite readily. 
Toward the right they are usually extensively 
fused, though separable to some extent, an 
item of great importance in the technique of 
resection. 

The stomach is now raised by the “han- 
dies” so as to present the gastrocolic omentum 
as a diaphanous drape showing the vascular 
arch formed by the coalescence of the right 
and left gastro-epiploic vessels, and their epi- 
ploic branches. Toward the left, large trans- 
parent bloodless areas are seen, one of which 
is punctured with forceps or fingers (Fig. 2), 
and with fingers behind them, the epiploic 
vessels are gathered or “bunched,” grasped 
in groups and divided between forceps (Fig. 3). 
In this way the greater part of the gastrocolic 
omentum is divided, there being no need for 
meticulous care to divide individual vessels. 
The left gastro-epiploic vessels are divided 
well over toward the left side, marking the 
site of the intended transection of the stomach 
on the greater curvature (Fig. 4). 

The division of the gastrocolic omentum is 
now carried toward the right, but here the 
fusion of mesocolon and gastrocolic omentum 
endangers the middle colic artery. Two fingers 
are passed behind the gastrocolic omentum 
(Fig. 5) and separated, and the mesocolon is 
thus wiped from the omentum, permitting the 
latter to be divided well up to the pylorus, 
where the right gastro-epiploic vessels are en- 
countered and divided. 

Some question has been raised as to the 
safety of dividing the gastrocolic omentum 
below the arch formed by the gastro-epiploic 
vessels, and sacrificing the latter, since they 
are the main source of blood supply to the 
omentum. I have carried out this maneuver 
in a sufficiently large number of cases without 
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incident to feel safe in advocating it. There 
is a remarkably extensive network of vessels, 
large and small, in the omentum, which makes 
for safety. If any doubt is felt, in extremely 
fat omenta, for example, the division should 
be made between the arch and the stomach. 

The stomach, pylorus, and duodenum are 
now rolled progressively upward and to the 
right, and the pancreas separated from them 
by the varied maneuvers of gauze wiping and 
blunt and sharp dissection. The inflammatory 
thickening and adhesion of the base of an ulcer 
on the posterior wall of the duodenum to the 
pancreas may obliterate the plane of cleavage 
and make difficult the dissection. Actual pen- 
etration of the ulcer into the pancreas may 
necessitate opening into the ulcer in the proc- 
ess of separation. The previous use of the 
Levine tube, and the proper placing of gauze 
swabs will prevent undue soiling. A consider- 
able cavity may have been excavated in the 
head of the pancreas by such an ulcer. Its 
toilet consists in swabbing with iodine, or any 
other satisfactory disinfectant, and tucking a 
tag of omentum into it, retaining the latter 
with a few sutures. Such an excavation, how- 
ever, must add an element of danger of infec- 
tion, and drainage may be justified. 

For such penetrating ulcers, the technical 
difficulties and added danger of infection may 
justify division of the stomach proximal to the 
pylorus, inverting the stump and leaving the 
ulcer behind, the ensuing steps of the gastric 
resection remaining the same. This procedure 
was advocated by Finsterer. If possible, the 
mucosa of the remaining segment, and espe- 
cially the pyloric ring itself, should be re- 
moved. Because of its funnel shape it will be 
found difficult to invert the stump without 
removal of the mucosa unless a considerable 
segment is left behind, which is objectionable. 
I have carried out this procedure in a small 
number of cases, with no failure to date, but 
would do so only where complete resection is 
impracticable. 

Mobilization of the first portion of the duo- 
denum having been continued to the extent 
of separating its lower border from the pan- 
creas, a Kocher dissector, or curved forceps 
used as a dissector, is insinuated between it 
and the pancreas at a point beyond the ulcer, 
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raising it from its bed. It is grasped with two 
forceps between which it is divided (Fig. 6). 

The duodenal stump is inverted by a Parker- 
Kerr suture (Fig. 6), fine catgut reinforced 
with a few fine silk sutures being used. For 
further insurance omentum may be tacked to 
it or it may be sutured to the pancreas. 

The pyloric stump is still held by a reflec- 
tion of the peritoneum from its upper border, 
the right gastric artery and the remains of the 
gastrohepatic omentum previously punctured 
with the fingers. These are progressively di- 
vided, the right gastric vessels being the only 
structures of importance. It is necessary, 
however, to hug the duodenum and pylorus 
closely. The stomach may now be drawn well 
to the left, thus exposing to more ready access 
the left gastric artery as it extends from be- 
hind in a fold of peritoneum toward the lesser 
curvature of the stomach. 

The left gastric artery approaches the lesser 
curvature of the stomach from behind, reach- 
ing the border at a variable distance from the 
cardia. The higher it is divided the better it 
permits mobilization of the stomach. It is 
hardly necessary, however, to divide it before 
it reaches the lesser curvature, except for an 
unusually high lying ulcer. For all practical 
purposes, high division on the lesser curvature 
(Fig. 7) and division of the stomach at this 
site suffices to remove practically all of the 
lesser curvature, which is the object to be at- 
tained. 

The choice of the site of division of the 
stomach has varied with different surgeons. 
Some leave a large part of the lesser curvature, 
the resection really amounting to an antrec- 
tomy; Finsterer divides it in a line parallel 
with the long axis of the body, just to the 
right of the cardia, thus removing almost the 
entire lesser curvature. It has been suggested 
that after dividing the stomach the lower end 
of the remaining segment be cut off obliquely 
or even transversely; apparently with the pur- 
pose of easing the spilling of the stomach con- 
tents into the jejunum, as if it were a func- 
tionless bag. Reichel, and later, Pélya, su- 
tured the entire end of the stomach into the 
side of the jejunum; Hofmeister, Wilms, and 
later Finsterer partly closed the end of the 
stomach at the lesser curvature border. I be- 


lieve that Finsterer’s combination of subtotal 
removal of the lesser curvature, spur forma- 
tion by partial closure of the end of the stom- 
ach, and vertical position of the stoma in the 
standing position of the patient, is correct, and 
should form the technical basis of all gastric 
resections for ulcer. While the division of the 
stomach as here described is carried downward 
and to the left for the purpose of removing 
more of the greater curvature than Finsterer, 
the vertical position of the stoma is main- 
tained by suturing the opening in the meso- 
colon to the stomach above the anastomosis 
in the usual manner. The sacrifice of more of 
the greater curvature is intended solely for the 
purpose of making it technically easier to 
unite greater curvature to jejunum without 
spur formation. 

The stomach is now raised vertically and a 
strong, straight clamp applied to it just distal 
to the site of ligation of the left gastric and 
gastro-epiploic vessels. Thus the clamp is 
placed not parallel with the long axis of the 
body but obliquely from above downward and 
to the left. The division is made proximal to, 
and parallel with, the clamp, as follows: with 
the stomach and clamp turned well over 
toward the left, the posterior wall is exposed 
(Fig. 8). The incision, close to the clamp, is 
carried through peritoneum and muscularis 
down to the submucosa, readily recognized 
by its numerous vessels. Peritoneum and 
muscularis are easily pushed back with the 
scalpel, thus exposing an ample width of the 
submucosa, permitting the larger vessels to 
be grasped with forceps. This incision is car- 
ried from border to border and all necessary 
forceps applied; then the incision is carried 
through the remaining thickness of the stom- 
ach wall, between forceps and the clamp pre- 
viously applied. The aspirator evacuates any 
remaining excess of liquid in the opened stom- 
ach, additional forceps are applied as needed, 
additional gauze swabs are placed, and the 
stomach is turned to the right, thus exposing 
its anterior wall, which is treated exactly as 
was the posterior wall. 

It will be noted that the clamp prevents 
spilling and back bleeding from the segment 
of stomach removed, and insures division in a 
straight line; also that the clamp is placed on 
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Fig. 1. 

ig. 1. With the stomach drawn 
the bloodless gastrohepatic 
vo: ntum is punctured, admitting air 
to he lesser peritoneal cavity. 
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Fig. 2. With the stomach raised, a 
bloodless area of the gastrocolic omen- 
tum is punctured and enlarged for the 
admission of the fingers. 

Fig. 4. The left gastro-epiploic ves- 
sels are divided well over toward the 
left, marking the site of division of the 
stomach on the greater curvature. 


Fig. 2. 


tl part of the stomach that is removed. No 
cl mps are used on the parts remaining. 

“ine (No. oo) catgut ligatures are applied. 
Tie open end of the stump of the stomach 
my be reduced substantially in size during 
this process of ligation of its vessels, particu- 
larly by including two or more vessels in each 
ligature. The open end of the stomach may 
be sutured directly into the side of the jeju- 
num, as by Reichel, Polya, and others. 

| believe that it is preferable partly to close 
the end at its lesser curvature border. The 
formation of a spur at this situation serves to 
prevent the passage of stomach contents in 
the wrong direction (toward the duodenum). 
It also permits more accurate determination 
of the size of the stoma. 

The closure is performed as follows: a fine 
catgut (No. oo) suture is placed at the lesser 
curvature, through the full thickness, tied, 
and the short end left long enough to be used 
for traction. The needle is then reinserted 
from within outward, emerging on either side 
of the median line about half an inch back of 
the free cut edge. The edges are now inverted 
by a continuous through-and-through suture 
of the Parker-Kerr type, until the desired size 
opening is left. Instead of depending upon 
this single inverting suture, which I have found 
perfectly satisfactory, an extra hemostatic 


suture may be applied in the usual manner. I 
have used this suture only in the presence of 
annoying persistent oozing. A third suture, 
layer to layer, is quite unnecessary. 

The end of the stomach is now anastomosed 
to the side of the jejunum. by any preferred 
method. Of the more important details, the 
following should be noted. 


Fig. 3. Epiploic vessels in gastrocolic omentum are 
“bunched” by fingers passed behind the omentum and 
divided in groups rather than individually. 
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ig. 5. Two fingers passed behind the gastrocolic omen- 
tum toward the right push the mesocolon down to protect 
the mesocolic vessels while dividing the omentum. The 
right gastro-epiploic artery is ligated as it appears beneath 
the border of the pyloric area to the right. 


The anastomosis is made close to the origin 
of the jejunum, the ligament of Treitz being 
divided if necessary to prevent angulation. 
Following Billroth, the earlier resections were 
followed by a long loop, antecolic anastomosis 
between stomach and jejunum, to which 
Braun later added an entero-entero-anasto- 
mosis to drain the jejunal loop. I believe the 
long loop gastrojejunal anastomosis with or 


Fig. 7. 
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Fig. 6. A curved forceps is insinuated beneath the duo- 
denum which is divided between forceps. The Parker-Kerr 
type of suture which inverts the cut edge. 


without the Braun anastomosis adds a sub- 
stantial danger of gastrojejunal ulcer, and 
should be avoided. The jejunum is carried up 
a short distance over the sutures originally 
placed in the partial closing of the cut end of 
the stomach, reinforcing them. This eleva- 
tion and angulation of the jejunum also serves 
an important function in preventing regurgi- 


Fig. 7. The left gastric artery is divided at the level of division of the stom- 
ach after the lesser curvature is reached. In very high lying lesser curvature 
ulcers it is divided before the lesser curvature is reached. 

Fig. 8. With stomach turned sharply to the left, the left gastric and gastro- 
epiploic vessels ligated, the posterior surface exposed, forceps are applied to 
the submucosal vessels before division of the full thickness of the stomach wall. 
The stomach is then opened between forceps and clamp. 
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iation of stomach contents toward the duo- 
denum (Fig. 9). 

Special care should be used to avoid making 
a spur where the greater curvature of the 
stomach meets the jejunum. A spur is all 
00 easily formed here by unnecessary rein- 
orcing sutures (Fig. 9). 

If a Levine nasal tube has been introduced, 
t is now fished out of the stomach before the 
inal closure is completed, drawn down 6 to 8 
aches, and inserted distally into the jejunum. 
t permits the immediate introduction of liq- 
ids, if indicated. 


SUMMARY 


Removal of the ulcer bearing segment of the 
tomach and duodenum is advocated as a 
outine procedure in resistant duodenal and 
astric ulcers. 

Such a resection aims primarily at the sub- 
otal removal of the lesser curvature and the 
listal half or more of the stomach. 

Spur formation at the lesser curvature bor- 
ler of the cut end of the stomach, the attach- 
nent of the jejunum so as to reinforce this 
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Well defined 
Spur 


Fig. 9. 


spur, the attachment of the stomach close to 
the origin of the jejunum, and the avoidance 
of a spur at the junction of the greater curva- 
ture of the stomach with the jejunum, are re- 
garded as necessary features in the technique. 

These steps prevent retrograde filling of the 
duodenum with stomach contents. 
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TUMORS OF THE TENDON SHEATHS 
DEAN LEWIS, M.D., F.A.C.S., BALTIMORE, MARYLAND 


lation to their origin from the bellies of 

muscles; their insertion into bone and to 
their tendon sheaths. When tumors of the 
tendons and their sheaths are under considera- 
tion their relationship to bones and joints 
must be considered. The tendons, which blend 
with the fascia and aponeuroses of muscles at 
their origin, develop from fibrous tissue. The 
part of the tendon which is attached to bone 
or structure about a joint is derived from pre- 
cartilaginous tissue, which is the same as that 
tissue which is concerned in the histogenesis 
of bone. 

Malignant tumors rarely develop either in 
the fibrous portion of the tendon or from that 
developing from precartilaginous tissue. Be- 
nign tumors, on the other hand, are relatively 
common. These are practically confined to 
the tendon sheaths and to the tendons at their 
points of attachment. The most common 
tumors of the tendon sheaths are the osteo- 
chondromata, ganglions, and giant cell tumors 
or xanthomata. These correspond to tumors 
which develop from bone, for osteochondro- 
mata are usually considered as tumorsof bone; 
ganglions correspond to the myxochondro- 
sarcomata of the skeleton; and giant cell 
tumors of the long bones are frequently 
identical histologically with those developing 
in the tendon sheaths. 

Osteochondromata and chondrosarcomata 
may develop at the point of insertion of any 
tendon, and usually these tumors are thought 
to have developed from bone. There are 
recorded in the Surgical Pathological Labora- 
tory 262 cases of osteochondromata, 77 of 
primary chondrosarcomata, and 35 of osteo- 
chondromata undergoing malignant change 
have been analyzed in Tumors of Bone by 
Geschickter and Copeland. In many of these 
cases and especially in the benign tumors en- 
countered in multiple exostoses, the new 
growth may extend for some distance along 
the tendon. 

Not infrequently myositis ossificans begins 
in the tendons near joints. In the generalized 


k is customary to consider tendons in re- 


progressive form of the disease, the ossificatio: 
begins in tendons near their insertion in th 
vertebrz or ilium, and bone formation passe 
through a cartilaginous stage, which indicate 
the initial changes in the disease, begins in th: 
portion of the tendon related in its develop 
ment to precartilaginous tissue (Fig. 1). 

Both benign osteochondromata and chon 
drosarcomata may develop independent o: 
bone just above the joint where the tendon i: 
inserted, where precartilaginous tissue usually 
persists in the tendon. Seven benign osteo- 
chondromata definitely located in the tendon 
sheaths may be found in the Laboratory oi 
Surgical Pathology. Reports of 15 other cases 
in which the tumor was so situated appear in 
the literature. One of these situated at the 
tibiotarsal joint in a child was reported by 
Lance. Patel reported a bilateral case in the 
tendo achillis. These interfered with walking. 
Beraud, in discussing this case, reported 2 
other cases. Chevrier reported an osteochon- 
droma in the biceps tendon, and Janik one on 
the dorsal surface of the right forearm. In 
addition to these 5 cases, Janik reported 2 
more and cited 6 others (Buxton, Beck, 
Billroth, Chauvain-Roux, Delbet, and Pal- 
lailon). Ombredanne, in 1907, also reported a 
case. The tumor in the cases cited by Janik 
developed on the hand and foot in adults, and 
the histological diagnosis in most were chon- 
dromata. In Buxton’s case the tumor devel- 
oped in the flexor tendon of the ring finger. It 
was ossified and was of the size of a sesamoid 
bone. Buxton also described a case of mul- 
tiple cartilaginous tumors attached to the 
tendons of the hand. This specimen is in the 
museum of King’s College Hospital in London. 

All the cases that we have seen were in 
adults. One occurred in the flexor carpi 
ulnaris above the styloid process of the ulna: 
another anterior to the ulna at the elbow. 
Three occurred in the tendo achillis; one in the 
quadriceps tendon above the patella; and 
another anterior to the ankle joint. There was 
no associated history of arthritis or tenosyn- 
ovitis (Fig. 2). 
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‘wo chondrosarcomata of the tendons are 
orded in the Laboratory (Fig. 3). Jones 
ha: reported a case of a chondrosarcoma of 
quadriceps tendon associated with chon- 
-arcoma of the knee joint and exostosis. 
Bu ton has described a _ chondrosarcoma 
h developed on both sides of the tendo 
ac! ‘lisin a girl 17 years old. This specimen is 
rved in the museum of the Royal College 
of surgeons. The cartilage was derived 
rently from connective tissue and in 
plo -s had undergone ossification. In the 
mm tumors calcification and ossification 
ap -ar beneath the capsule of the lobules. In 
th malignant cases cellular precartilaginous 
co: .ective tissue is found in these areas. 
ie histogenesis of intracartilaginous ossi- 
fic. ion observed in long bones is repeated in 
» tumors—a transition from connective 
tis ce to cartilage and then to bone. The 
ors of the tendon sheaths develop from 
un: \fferentiated precartilaginous foci found 
wil \in the sheath (Fig. 4). 

_artilaginous and osteocartilaginous non- 
neoplastic lesions are associated usually with 
ost -ophytes, developing in chronic arthritis 
an in cases of bursitis. These lesions give 
rise to some pain following repeated and exces- 
sive motion. Severe symptoms are rare unless 
trauma or infection occur. If such lesions 
take on rapid growth, a malignant change is 
suggested and wide excision practiced. 

Ganglions of tendon sheaths. A ganglion is 
an oval, cystic tumor occurring in adults about 
the wrist, or ankle, or on the extensor surface 
of the wrist, or dorsum of the foot. Occasion- 
ally they are found about the knee joint, and 
rarely about the hip. Baumecker has re- 
ported 1 case and cited another about the 
hip joint. Borchordt has reported such a 
tumor in the tendon of the long head of the 
triceps some distance from tendon sheath or 
joint capsule. The ganglion contains many 
dilated spaces surrounded by connective tissue 
which contain jelly-like, translucent material. 
Usually the tumor is attached to the tendon 
sheath or joint capsule by a fibrous band. 
They do not communicate directly with the 
joint. There has been much discussion as to 
their nature and etiology since the time of 
Ellers (1746). At one time they were thought 


Fig. 1. Myositis ossificans progressiva with ossification 
of the ligaments and tendons and the spinal muscles. The 
patient was a white male aged 15 who had limitation of 
motion about the back since earliest childhood. Biopsy of 
the tendons at their insertion into bone showed that the 
ossification was proceeding via cartilage. 


to be herniations of synovial membrane from 
the joint or tendon sheath. Clarke, in 1908, 
regarded these as neoplasms of connective 
tissue origin. This view has been generally 
accepted. They do not have a true endo- 
thelial lining. They present the same regres- 
sive changes that occur during embryonic life 
in the precartilaginous tissue during the 
formation of joint cavities and anatomical and 
adventitious burse in later life. Many of the 
ganglions found in unusual locations are 
probably adventitious burse. 

Forty of these small tumors are recorded in 
the Laboratory and have been studied micro- 
scopically. All except five related to structures 
about the wrist. Four were found about the 
ankle, one at the knee. One occurred in a 
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Fig. 2. Osteochondroma in the tendo achillis of a 
white male aged 21. The patient has remained well with- 
out treatment or change in the condition during the past 
ten years. 


child of 2, another in a child of 11. The remain- 
der occurred in adults. 

Giant cell tumor of the tendon sheaths. There 
is considerable difference of opinion as to the 
origin and pathology of the very common 
giant cell tumor of tendon sheaths. Some have 
called these synovioma, endothelioma, mye- 
loma, xanthoma, and granulation tissue tu- 
mors. Because of the relationship to sesamoid 
bones and because the tissue from which they 
develop is related to the skeletal blastema, 
we prefer the term giant cell tumor, or xan- 
thomatous giant cell tumor of the tendon 
sheaths. 

In a previous report from the Laboratory 
(Geschickter and Copeland, 1929) the litera- 
ture was reviewed and 27 cases were added to 
the 144 collected by Mason and Woolston, 
making the total 171. Twenty-three addi- 
tional cases have been studied in the Labora- 
tory, and 6 other cases have recently appeared 
in the literature (Bessessen, Dudley, Ragins, 
King, Bellelli, and Jebens). In a recent re- 
view (King, 1931) the pathological relation- 
ship to other neoplasms of the tendon sheaths 
is discussed. 
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Fig. 3. Chondrosarcoma occurring in the tendo achillis 
in a woman of 31 years. There had been pain and tumor 
formation for 2 years at this site following an injury. The 
leg was amputated following a biopsy of the lesion. 
Chondrosarcoma with many fetal cartilage cells was found 
invading the tendon upon pathologic examination. 


Thirty-two of the 50 cases recorded in the 
Laboratory were located in the sheaths of the 
tendons of the finger, at the metacarpo- 
phalangeal or interphalangeal joints, as a rule, 
on the flexor surface. The remainder, with 
few exceptions, were elsewhere on the hand, or 
about the foot and ankle. All the patients 
except 5 were adults, the majority being be- 
tween the ages of 30 and 4o years. The 
youngest patient was a boy of 7 years. The 
tumors ranged in size from that of a pea to 
that of an adult’s fist. The history, as a rule, 
extended over years. A review of our cases 
and those in the literature shows a definite 
relationship between these tumors and that of 
sesamoids observed in man, so carefully de- 
scribed by Pfitzner. The evidence, that 
sesamoids embedded in tendons are the poiit 
of origin of these tumors, is based upon 
histological study. In addition to phagocyt ¢ 
giant cells, foam cells, and blood pigmen , 
these tumors contain fibrocartilage and occ: - 
sionally bone. Many of the tumors in oir 
series have a stroma of fibrocartilage; 3 coi - 
tained bone. King also noted a frequent tra: - 
sition to cartilage and occasionally to bone. 

Sesamoid bones develop from fibrocartila; ° 
and are frequently incompletely ossifie: . 
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LEWIS: TUMORS OF THE TENDON SHEATHS 


4. Photomicrograph showing the insertion of the 
| tendons into bone from an arm of an adult, 
cated for tumor of the hand. At the upper margin 
own normal bone spicules. At the lower margin the 
s substance of the tendon is seen. Between is seen a 

) tion from fibrous tissue to bone via cartilage. 


»wing the phase of calcification, giant cell 

iferation occurs, which is closely related 
to ‘hat occurring in the tumors under discus- 
sion. Study of the embryology and anatomy 
of ‘he sesamoid bone supports the view that 
the majority of giant cell tumors of the tendon 
sheaths arise from sesamoid bones. Xantho- 
matous tumors are most apt to involve tendon 
sheaths, burs, and joints diffusely, and are 
less likely to recur after excision, or to invade 
bone, than true giant cell tumors, which may 
also contain cells of the xanthomatous type 
because of lipoid phagocytosis (Fig. 5). 

Giant cell tumors of the tendon sheaths are 
usually small and benign. Two cases in our 
series recurred after removal; three invaded 
bone. Bessessen has reported a case on the 
middle finger of a man, aged 27 years, which 
recurred. Ragins found reports of 6 cases in 
the literature which invaded bone. Simple 
excision should be practiced. 

Giant cell tumors of the patella. The patella 
is really a sesamoid bone. Giant cell tumors 
of this bone are much like those just described. 
Three cases of giant cell tumors of the patella 
are recorded in the Laboratory. Histologically 
they are like the giant cell tumor of tendon 


Fig. 5. Photomicrograph of a giant cell tumor of the 
tendon sheaths. 


sheaths, and the same type of tumor occurring 
in the ends of long bones. Such tumors have 
been reported by Cole, King and Towne, and 
by Kraft. While giant cell tumors of the 
patella are not common, chondromata and 
cysts of this bone have been reported, show- 
ing that the same pathological changes may 
occur in the patella as in other sesamoids and 
tendon sheaths. Neurnbergk has collected 37 
tumors of the patella, adding 2 of his own and 
6 others which had not been reported. 
Lipomata, fibromata, and fibrosarcomata of 
the tendon sheaths. Connective tissue tumors 
not related to precartilaginous and_pre- 
osseous tissues are rare in tendons and tendon 
sheaths. Lipomata are more common in the 
synovial membrane of joints than in tendon 
sheaths. Strauss found 18 in the literature 
which were definitely connected with tendon 
sheaths. He quotes from Billroth, who first 
mentioned the possibility of these tumors in 
tendon sheaths. ‘In synovial folds and villi 
of the joints, as also in the tendon sheaths, 
there may be abnormal fat formation, so that 
the masses of fat seem to be branched like a 
tree (Mueller).”’” The majority of the cases 
are of the arborescent type, some simple 
lipomata; all are attached to the sheath. The 
majority of the patients are young adults who 
had had symptoms from 1 to 1g years. The 
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Fig. 6. Embryonic lipoma occurring in a tendon sheath 
about the knee joint. Large foam cells transforming into 
adult fat are shown. 


extensor tendons of the hand and feet are 
most frequently involved. One case in which 
the extensor tendons of the forearm were 
involved was bilateral. There is nothing re- 
markable about the microscopic appearance 
of these lesions. They are typical lipomata. 
At operation a soft, fluctuant, lipoid growth is 
found which surrounds the tendon, which 
tunnels the folds of fat. The sheath must be 
excised with the tumor. Occasionally, a small- 
er lipoma has been reported projecting from 
the sheath. Recently Straus (F. H.) has 
reported a lipoma of the hand about the 
lumbricales on their dorsal side. Valdoni also 
reported the case of a male aged 19 years with 
bilateral lipomata affecting the tendons of the 
hand and feet. Those on the hand recurred 
after operation. Most of the villous growths 
of the tumor were attached to tendon sheaths, 
some were free. 

There are only two recorded in the Labora- 
tory. One of these was in front of the patella 
and not associated with a lipoma of the knee- 


Fig. 7. Fibrosarcoma in the quadriceps tendon occurring 
in a boy of 9 years. There was a recurrence of the tumor 
following excision. 


joint (Fig. 6). Another was in front of the 
elbow joint and surrounded the muscles and 
their tendons. No typical arborescent lipoma 
arising from the tendon sheaths of the hand or 
foot is recorded. 

Fibromata of the tendons are as rare as 
lipomata. Buxton collected 13 fibromata from 
the literature. Torchiana recently reported a 
case in a woman aged 39 years who had a 
tumor in the palm of the hand which recurred 
after operation. The tumor was histologically 
a fibroma and involved the tendons of the 
third, fourth, and fifth fingers. Wright-Smith 
has also reported a case of a male patient 21 
years of age who had a tumor of the tendon of 
the ring finger. This was on the flexor tendon, 
and a history that it followed trauma was 
given. 

Four cases of fibromata are recorded in the 
Laboratory. One developed above and behind 
the clavicle in the anterior scalenus muscle. 
Another developed in a tendon on the dorsuia 
of the hand; the 2 others occurred about the 
knee joint in the tendons of the semimembr: - 
nosus and quadriceps. These tumors were 
definitely encapsulated and easily excise: . 
Histologically, they resembled exuberant sc r 
tissue, bundles of collagen and long conne: - 
tive tissue fibers staining heavily with eosi1 
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being found. The cells were fairly tightly 
packed together, and the collagen made the 
tumor far more dense in the gross than nerve 
sheath tumors with which they may be con- 
fused. 

Fibrosarcomata are probably the rarest of 
all tumors occurring in tendon sheaths. 
Many, formerly regarded as sarcomata, are 
now known to be the benign giant cell tumor. 
King presents a photomicrograph of a malig- 
nant spindle or mixed cell sarcoma. He does 
not give the history of the case. One doubtful 
case is reported by Krogius, which recurred. 
This tumor occurred in a woman of 21 years 
of age. It developed in the sheath of the flexor 
longus hallucis. It recurred and in the recur- 
rence xanthoma cells were found. Recently 
Cooperman has reported a tumor which 
developed 2 months after aninjury. It became 
as large as an egg and occurred in a female 
patient aged 21 in the flexor tendon of the 
little toe of the right foot. 

Five primary sarcomata of the fascial type 
involving the tendons and tendon sheath are 
recorded in the Laboratory. All these were in 
children or young adults. Two occurred in the 
quadriceps tendon and were located laterally 
or beneath the patella (Fig. 7). One was in 
the tendo achillis; another anterior to the 
ankle joint, and the fifth above the phalanx. 
All of these tumors were dense, firm, and 
composed of closely packed, small spindles. 
All of these recurred after primary excision. 
Two of the recent cases were irradiated, with- 
out results. The follow-up on these patients 
showed death with metastases in two in- 
stances. The other patients could not be 


traced. 
CONCLUSIONS 


Among neoplasms of the tendon, benign 
osteochondromata, ganglions, and giant cell 
tumor or xanthomata predominate. These 
tumors show a relationship to precartilagi- 
nous tissue. Fibromata and lipomata also may 
occur. Tumors of the tendon proper and 
sarcoma are rare. Chondrosarcoma at or near 
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the insertion of tendon into bone, and fibro- 
sarcoma of the tendon sheath are two rare 
forms of malignancy found in these structures. 
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peptic ulcer is still unsettled, we now 

have several methods of treatment that 
are satisfactory when properly applied to the 
condition for which they are appropriate. 

It has never been difficult to produce an 
acute ulcer of the duodenum experimentally, 
but only in comparatively recent times has it 
been possible to produce a chronic ulcer at 
will. This has been accomplished by Mann, 
Dragstedt, and others. It has long been 
realized that the concentration of free acid in 
the stomach is an important factor in the eti- 
ology of the condition, but that variations in 
the concentration of the acid did not explain 
the whole situation. Recently, Matthews 
and Dragstedt concluded that the chemical 
action of pepsin hydrochloric acid is the out- 
standing factor in the production of acute 
and, subsequently, chronic peptic ulcer, al- 
though gastric motility, trauma to the 
mucosa, and general systemic conditions help 
to promote the progress of the process. It is 
also known that some individuals are particu- 
larly prone to the development of ulcer and 
that heredity possibly plays a part. In some 
instances, infection or toxins may exert con- 
siderable influence. Wilkie lays much em- 
phasis on irregular habits of living. 

Certainly any logical treatment of this con- 
dition, whether medical or surgical, must be 
directed toward correction of the recognizable 
factors in the etiology of the disease. The 
choice of treatment for duodenal ulcer de- 
pends on the duration and severity of the 
symptoms, the extent and type of the lesion, 
and the age and temperament of the in- 
dividual. 

Under some circumstances it is permissible 
to give medical treatment a trial, provided the 
patient can be kept under close observation, 
but the measure of success to be derived from 
this plan depends upon strict attention to de- 
tail. Furthermore, there is a particular type 
of patient who usually obtains more benefit 


I spite of the fact that the etiology of 


from this regimen than from any other. He is 
the nervous, high-strung individual whose 
history usually discloses that the symptoms 
are exaggerated by even a slight increase in 
nervous strain. Experience shows that even 
though it may be possible to accomplish heal- 
ing of the ulcer he is prone to have a recurrence 
of the lesion regardless of the method of treat- 
ment. For this reason, any operation that 
may be employed will give unsatisfactory re- 
sults. The best that we can hope to accom- 
plish for these patients is to keep the symp- 
toms under control a part of the time. It has 
also been recognized that the results of surgical 


treatment of peptic ulcer in very young in- | 


dividuals is often not completely satisfactory. 
There is still another group of patients in 
which repeated courses of medical treatment 
will be the most logical plan. They present 
symptoms that are more or less typical of 
ulcer, yet the laboratory tests fail to confirm 
the presence of the lesion. If surgical treat- 
ment is finally demanded in these cases, it 
should be confined to the local operation, that 
is, to removal of the cap of the duodenum 
together with the ulcer and the anterior two- 
thirds of the pyloric sphincter muscle, making 
closure as a gastroduodenostomy. Gastro- 
jejunostomy is most unsatisfactory in this 
particular type of case. If there is perfora- 
tion, obstruction, hemorrhage, or a history of 
progressive recurrent symptoms, in spite of 
well controlled medical management surgical 
treatment is indicated. 

The first operations were carried out for the 
relief of obstruction. The Billroth I procedure 


and gastro-enterostomy were first used in 1881 


to overcome obstruction due to malignancy, 
but were soon employed for the treatment of 
benign lesions. In 1885, the Billroth II opera- 
tion was introduced. A plastic operation on 
the pylorus was carried out by Heineke in 
1886. Mikulicz, working independently and 
without knowledge of Heineke’s work, devised 
a similar procedure in 1887. In 1891, Kocher 


1 Read at the Chicago Surgical Society, Chicago, February 2, 1934. 


2Fellow in Surgery, The Mayo Foundation 
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performed an end-to-side gastroduodenostomy 
following pylorectomy. To Jaboulay is at- 
tributed the first suggestion of the possibilities 
of lateral gastroduodenostomy in 1892. The 
first clinical application of this was made by 
Henle, in 1898, and he gave Mikulicz credit 
for the plan. Finney stated that his gastro- 
pyloroduodenostomy, better known as Fin- 
ney’s pyloroplasty, was an outgrowth of that 
work. Gastrojejunostomy remained the pro- 
cedure of choice because of the ease of ap- 
plication and the high percentage of satis- 
factory results that could be obtained. But 
the incidence of jejunal ulcer later made it 
apparent that this procedure was not ap- 
plicable to all cases. 

The experience of European surgeons in- 
fluenced the growing popularity of partial 
gastric resection for duodenal ulcer. Then 
followed a great variety of modified Billroth I 
and Billroth II operations. Von Haberer, in 
1922, and Finney, in 1924, working inde- 
pendently, advocated end-to-side gastroduo- 
denostomy following pylorectomy and partial 
duodenectomy. Others were using the Pélya 
type of resection of the stomach. Partial 
gastric resection was advocated and carried 
out on the theory that it removed the acid- 
bearing and ulcer-bearing portions of the 
stomach. More recent studies show that the 
acid-producing cells are situated in the fundic 
portion of the stomach, which, of course, 
nullifies the argument for this radical pro- 
cedure. And it is also realized that in this 
country we do not encounter the same type of 
lesion that the European surgeon has to con- 
tend with, the ulcer with an associated exten- 
sive gastritis. The lesion that occurs in 
patients in this country does not justify the 
adoption of the radical operation employed 
by the European surgeons. In our experience, 
there is possibility of recurrence of the lesion 
even after such resection, and the radical 
operation makes further surgical treatment 
difficult and hazardous. It is probable that 
resection of the greater part of the stomach 
does not afford any better protection against 
stomal ulcer than the simple gastrojejunos- 
tomy. 

In an effort to find a procedure that would 
leave the upper digestive tract in a condition 


more in keeping with its normal anatomy and 
physiology, numerous plastic procedures on 
the pylorus have been devised. In the first 
place, it seemed reasonable to expect that re- 
moval of the lesion itself would give some 
added advantage in the control of the patho- 
logical process, but this alone was not 
sufficient. Elimination of the action of the 
pyloric sphincter was recognized as necessary 
in order to relieve spasm, which causes per- 
sistence of symptoms in many of the cases. 
Removal of the cap of the duodenum with 
the ulcer and the anterior two-thirds of the 
ring of the pyloric sphincter not only extir- 
pates the lesion but also eliminates all possi- 
bility of spasm due to sphincter action. 
Closure is then made by gastroduodenostomy, 
which re-establishes the normal continuity of 
the gastro-intestinal tract. Exposure for this 
operation is not difficult, if it is not attempted 
in cases in which the ulcer is at some distance 
from the pylorus or in which the duodenum 
is too firmly fixed to be readily mobilized. 
This operation is applicable in at least 50 per 
cent of all cases of duodenal ulcer. 

In the cases in which the duodenum can not 
be mobilized without undue risk and in which 
it is not feasible to do a gastrojejunostomy, it 
has been found that a satisfactory lateral 
anastomosis can be made between the pyloric 
end of the stomach and the first portion of the 
duodenum, the pyloric muscle being left un- 
disturbed. Wilkie.has used a somewhat simi- 
lar gastroduodenostomy, except that the 
second portion of the duodenum is employed 
in making the anastomosis, thus leaving the 
first portion of the duodenum looped above 
the anastomosis. The procedure has been 
criticized because it permits retrograde flow 
of the gastric and duodenal contents over the 
ulcer. By making the anastomosis in the first 
portion of the duodenum, just below the ulcer, 
this situation is obviated. It is true that the 
ulcer has not been removed, but under the 
conditions that are imposed by the procedure, 
the lesion heals quite readily. Wilkie reported 
satisfactory results from lateral gastroduo- 
denostomy in 89 per cent of the cases that he 
observed from 1 to 12 years. A stomal ulcer 
occurred in only 2 cases; in these the operation 
apparently had no effect upon the lesion or 
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upon the symptoms produced by it, although 
the gastric acidity had been lowered. 

In a review of our cases in which lateral 
gastroduodenostomy was performed 1 to 10 
years ago, in only 1 case was an unsatisfactory 
result reported; this patient found that he had 
to adhere to a modified ulcer regimen with the 
occasional use of alkalis. In all cases in which 
lateral gastroduodenostomy was performed, 
there was satisfactory immediate conva- 
lescence. This procedure is perhaps of greatest 
use in cases in which it is necessary to take 
down a gastrojejunostomy following the 
formation of a jejunal ulcer and in which the 
lumen of the duodenum is inadequate because 
of old scar tissue. Excision of this old scar 
with the anterior portion of the pyloric 
sphincter muscle would be desirable, but it is 
often impossible because of the fact that the 
duodenum is firmly bound down. It is not 
necessary to have a mobile duodenum in order 
to perform this type of lateral gastroduodenos- 
tomy. Furthermore, the risk of the procedure 
is minimal. 

A review of operations performed at the 
clinic during the past year for duodenal ulcer 
shows an increasing proportion of pyloric 
procedures in comparison with gastrojejunos- 
tomies, about 1:2. In less than 5 per cent of 
all of the cases was it necessary to carry out a 
gastric resection. This shows the attempt that 
is being made to maintain the normal physio- 
logical condition and to avoid the radical 
procedures which, in the light of our experi- 
ence, seem unjustified and, many times, turn 
out to be unsatisfactory. For older patients 
with marked obstruction but without ex- 
cessive gastric acidity, gastrojejunostomy 
still remains the procedure of choice in most 
instances. In other cases, local excision of the 
lesion with the anterior two-thirds of the 
pyloric sphincter muscle offers the best chance 
of relief, whenever the operation can be 
carried out. 

We feel that it is best to treat gastric ulcer 
as a surgical problem. We are willing to grant 
that gastric ulcer may likewise be made to 
subside by a medical regimen, but we still 
contend that it is impossible to distinguish 
between the benign and malignant gastric 
ulcer without an opportunity to study tissue 


of the lesion microscopically. If it were possi- 
ble to have all patients with gastric ulcer 
under close observation at frequent intervals, 
we might feel justified in offering a trial of 
medical management in those in which we 
have reason to feel the lesion is benign. There 
is no question but that the symptoms result- 
ing from gastric ulcer can be relieved more 
readily through this plan than are those of 
duodenal ulcer. For a number of years we 
have recommended surgical treatment to 
practically all patients with gastric ulcer, but 
it should be stated that, when we carry out 
the operation, it is a conservative plan of 
procedure. Some of the most satisfactory re- 
sults that we have obtained in the treatment 
of gastric ulcer have followed this plan of car- 
ing for the condition: usually a V-excision of 
the lesion combined with gastrojejunostomy. 
In these cases, the operation is practically 
never followed by the formation of a stomal 
jejunal ulcer, which is the bug-bear of opera- 
tions for peptic ulcer. In some instances, 
when operating for gastric ulcer, the technical 
procedure is simplified by taking out the 
pyloric part of the stomach with the ulcer, and 
we have also used this method. 

The more we study the problem of peptic 
ulcer, the more we are impressed with the fact 
that an ulcer in the stomach imposes a prob- 
lem very different from that of ulcer of the 
duodenum, from an experimental standpoint 
as well as from the clinical and the surgical 
standpoint. 

Finally, it may be stated that we believe 
that some of the problems associated with 
peptic ulcer are worked out. From meager 
beginnings 50 years ago to the present time, 
the efforts directed toward the treatment of 
peptic ulcer have met with a constantly in- 
creasing measure of success. As yet we have 
no single procedure that is applicable to all 
cases, but we do have well established plans of 
treatment of proved worth; these are rational 
conservative measures and, when properly 
carried out in the treatment of the conditions 
for which they are intended, they afford satis- 
factory relief from the distressing syndrome of 
peptic ulcer. 

It is known that there are some patients 
who have a stronger potentiality for ulcer 
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than others. The best that can be accom- 
plished for these individuals is to modify their 
symptoms through a restricted regimen so 
that they will be able to carry on their ordi- 
nary daily routine of activities. 

The tremendous amount of experimental 
work that has been done on the ulcer problem 
all tends to show the importance of the con- 
centration of the acid as a factor in the pro- 
duction and persistence of the ulcer. While 
recognition of this feature gives us something 
to work upon, it does not at present offer as 
much assistance as we should like in the con- 
trol of the acid factor. 

We have two procedures which remove 
more of the recognized etiological factors than 
the others: lateral anastomosis between the 
stomach and the first portion of the duode- 
num, and excision of the cap of the duodenum 
with the lesion and the anterior two-thirds of 
the pyloric sphincter muscle, with closure as 
gastroduodenostomy. We think that these 
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procedures have more of a physiological basis 
and that they are more practical than any 
anastomosis between the stomach and the 
jejunum. There is wider distribution of the 
food stream and reduction of physical trauma, 
the stomach empties more rapidly, and the 
gastric pressure is lowered. In addition, the 
acid contents of the stomach are emptied into 
the most alkaline portion of the duodenum 
which is best fitted to care for this acid me- 
dium. Furthermore, the alkaline duodenal 
content may easily be regurgitated into the 
stomach. These two operations should be 
employed more often. 
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siz increasing number of compound 


fractures that are occurring in this 

machine age and the divergent opinions 
among teachers and writers relative to the 
basic principles involved in their treatment 
impels one to believe that there is a real need 
for a wider discussion and a better universal 
agreement as to what constitutes the most 
approved methods of caring for these fre- 
quent and serious conditions. 

It is thought by some that the radical vari- 
ance of opinion regarding the treatment of 
compound fractures is due in a large measure 
to the advent of the orthopedists into this field 
of endeavor, for by tradition and training they 
are not operating surgeons and the care of 
these cases requires broad surgical experience 
and judgment. The orthopedists, however, 
should be welcomed into this department of 
surgery, the treatment of fractures, for they 
have added and will continue to add much 
to our knowledge of the entire subject. They 
are becoming operating surgeons. 

The circumstances in the practical situa- 
tion are such that the larger number of com- 
pound fractures are seen first and frequently 
cared for by general practitioners, and this 
group of men are expecting the teachers and 
the men with the opportunities for the ob- 
servation of a large number of these cases, 
to draw deductions and conclusions regarding 
the best methods of procedure for their guid- 
ance. The course must be charted for them. 

A compound fracture as a surgical entity 
must be considered first from the pathological 
standpoint. Correct treatment cannot be 
applied without an intimate knowledge of the 
anatomical disturbance and an appreciation 
of the immediate and remote histopathology 
resulting from the injury. 

The fracture itself is frequently of secondary 
importance to the trauma inflicted upon the 
soft tissues. Nerve, blood vessel, muscle, and 
tendon injuries may demand the essential 
consideration in the question of treatment. 
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Formerly a larger proportion of compound 
fractures occurred in railroad accidents and 
from contact with heavy machinery. In these 
cases the crushing of the soft tissues was more 
extensive than it is in the many automobile 
injuries which are seen so frequently at the 
present time. In any consideration of the 
pathology of the fragments of the fractured 
bone itself, it may be stated broadly that, 
except for the potentialities of infection, the 
condition is not materially different from 
that in simple fractures. 

The mechanism of the injury to the soft 
parts and the opening of the skin is important, 
for in the cases compounded from within 
outward, infection is less apt to occur and the 
integrity of the circulation of the soft struc- 
tures is less interfered with. In a word, there 
is less crushing of tissues. The question of the 
pathology concerned in compound fractures, 
from the standpoint of the surgical therapy 
that shall be applied, resolves itself into a 
consideration of the circulation in the injured 
structures and their subsequent viability. 
Obviously, our main objective is to convert 
a compound fracture into a simple one and 
this can be accomplished only if, and when, 
we succeed in preventing infection and subse- 
quent suppuration. Devitalized tissue offers 
no resistance to infection and must therefore 
be removed by the most careful and painstak- 
ing excision. It is rather elementary to recall 
how rapidly organisms on the surface extend 
through the lymphatics to deeper tissues and 
to the neighboring lymph glands, and yet an 
understanding of this is most essential in the 
treatment. Fascia and tendinous tissue hav- 
ing poor circulation are prone to sloughing 
when infected. 

The muscles are apt to be our chief concern 
because of their size and proximity to all 
fractures, but, fortunately, their viability can 
be determined more easily than that of other 
tissues. Devitalized muscle is gray in color, 
it does not contract when picked up in a 
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forceps, and it does not bleed when cut. It is 
diffcult to ascertain accurately the amount 
of blood supply in injured nerve tissue or 
tendon, and in an estimation of their viability 
one must depend upon their general appear- 
ance. In any attempt to determine the 
amount of injury to the tissues that may 
subsequently be encountered careful exam- 
ination should be made of the larger blood 
vessels supplying the distal parts. 

In a large proportion of instances compound 
fractures occur during accidents on the high- 
ways or on railroads and the problem of 
transportation to the nearest hospital is of 
first consideration. The Fracture Committee 
of the American College of Surgeons have 
made real progress in their practical teach- 
ings of the necessity of splinting all fractures 
before transportation so that the fragments 
will not do further damage. This point 
applies in particular to compound fractures. 
Much can be accomplished by teaching first 
aid to all men who are likely to come in con- 
tact with these cases. In so far as practical, 
the Thomas leg and arm splints should be 
provided. The Fracture Committee have gone 
into this subject most thoroughly and are 
enlarging their educational program. 

When the patient reaches the hospital he 
is usually in a state of shock more or less 
severe and this condition demands our first 
attention; almost without exception mor- 
phine should be administered immediately as 
the best agent to stop pain and thus aid ma- 
terially in preventing further shock. Active 
hemorrhage should be looked for and checked 
at once. All constrictors must be removed as 
soon as feasible. The degree of the shock 
must be determined and if severe no operative 
procedure should be considered until this is 
overcome. Many fatalities occur as a result 
of too early operation. Our first duty, there- 
fore, should be to alleviate shock and any 
operative interference should be postponed 
until recovery from this primary condition 
has taken place. Morphine, external heat, 
hot coffee per rectum, hot drinks, and blood 
transfusion when indicated offer the best 
agents with which to combat shock. The 
subcutaneous or intravenous injection of 
normal salt solution should not, in our judg- 


ment, be done. Gum acacia or other similar 
preparations should not be given intravenous- 
ly for they are of questionable value. It is 
appreciated that these are rather broad state- 
ments especially as regards salt solution and 
may cause controversy but they are our con- 
clusions based on a rather large experience in 
Cook County Hospital, Chicago, and in 
France. 

As soon as the patient rallies from shock, 
the injured limb should be given our imme- 
diate attention, for the time element between 
the receipt of the injury and the treatment of 
the wound is most important. Almost with- 
out exception operative interference is indi- 
cated. It is assumed that head, chest, abdom- 
inal, or other injuries do not preclude opera- 
tion on the limb. 

The choice of anesthetic must depend upon 
the judgment of the individual operator, 
although it is our conviction that no single 
method should be employed routinely for 
every case. Nitrous oxide and oxygen, and 
ether by the drop method are preferable. 
Possibly, spinal anesthesia is desirable for 
thigh injuries in the hands of those accus- 
tomed to its use. 

Continuing the question of the treatment, 
let us assume that the circulation of the distal 
part is such that the necessity for immediate 
amputation has been excluded. With the 
patient asleep the problem of cleansing the 
wound confronts us. Water and green soap 
are used, following shaving, for cleansing the 
surrounding skin. This is done after protect- 
ing the wound with gauze. After the skin is 
prepared with soap and water, ether is used 
to remove all grease and other soiling. 

Then comes the question of the choice of 
antiseptics, if any are used. Does not the 
multiplicity of the antiseptics now in use 
condemn them all as dependable agents? We 
believe it does. Some antiseptics may be 
capable of destroying organisms on the sur- 
face but they serve no useful purpose in 
attacking the bacteria deep in the structures 
and we are convinced that most of these so 
called germicides further lower the resistance 
of the almost devitalized tissue when applied 
in sufficient quantity and concentration to be 
of any value. They should not be relied upon 
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as safeguards against ensuing infection. How- 
ever, as a routine practice after the skin is 
cleansed with shaving, soap and water, and 
ether, we use 5 to 7 per cent tincture of iodine 
liberally in the wound and wash it out with 
alcohol. Is this consistent? We feel that 
tincture of iodine is the safest and most reli- 
able germicide and least harmful when seeking 
the sterilization of the superficial structures. 
Such treatment may protect the instruments 
from contamination in the handling of these 
tissues. Iodine is never used in the presence 
of an open joint. 

Stated briefly, we must rely and depend 
upon mechanical and not chemical cleansing 
of these wounds. The question that arises is, 
do we remove or destroy all of the bacteria 
in the wound? We do not, and our hope of 
healing by first intention is based on the 
removal of all tissues not capable of resisting 
the invading organisms. To this end a most 
complete débridement must be performed. 
This requires an experience in the observa- 
tion of the macroscopic appearance of de- 
vitalized tissue. To accomplish this excision 
of non-resistant tissue requires time and pains- 
taking search. It is our practice to remove a 
thin layer from all of the skin edges together 
with a small amount of the underlying fat. 
The removal of the devitalized muscle tissue 
usually constitutes the larger amount of the 
débridement. If the skin opening is small, it 
must be enlarged by incision until all of the 
crushed and contaminated tissue is exposed to 
vision so that careful excision may be accom- 
plished. All of the exposed muscle must be 
excised to a point where it is red in appear- 
ance, bleeds when cut, and contracts when 
picked up with a forceps. These are the criteria 
by which we distinguish live, resistant muscle. 
Severed nerves and tendons must be sought 
for and sutured. The nerves are sutured with 
fine silk in a smooth sewing needle and the 
sheath of the nerve only is penetrated with 
the needle and the fibers are thereby thus 
approximated without injury to the nerve 
substance. 

If there is extensive comminution of the 
fragments and small pieces are completely 
separated from the shaft of the bone and from 
their periosteal attachments, then it is deemed 
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wise to remove them. Larger and attached 
fragments which seem capable of regeneration 
are left unless it is evident that they are badly 
contaminated from contact with the earth. 
When the ends of the larger fragments show 
evidence of any soiling it is our practice to 
remove a small portion of such bone with a 
large rongeur forceps, again adhering strictly 
to the principle of depending upon mechanical 
and not chemical cleansing of the involved 
tissues. At this stage in our technique comes 
the question of internal splinting and in our 
opinion it is deemed inadvisable to use any 
sort of non-absorbable material. We feel that 
the introduction and application of wire, 
Lane’s plate, the clamp or ferrel is an error, 
for none of these methods can be applied 
without the danger of interference with the 
blood supply of the fragments in which the 
circulation is already damaged. The thought- 
ful consideration of the circulation in all’ of 
the injured tissues in compound fractures is 
most essential and fundamental. 

At this point in our procedure all bleeding 
vessels should be controlled and the muscle 
and fascia when severely lacerated and sepa- 
rated, closed with catgut sutures with as little 
tension as possible. Having completed in a 
thorough and painstaking manner the dé- 
bridement and the restoration of the continu- 
ity of any severed nerves or tendons and 
securing hemostasis, we are confronted with 
the closure of the skin. 

A discussion of this part of the surgical 
procedure involves the practice of using any 
kind or form of drainage. May we present for 
consideration the firm opinion and the un- 
qualified conviction that compound, fracture 
wounds should never be drained with any 
form of drainage material. 

The substantiation of this argument is not 
applied upon the hope that it is correct, but 
is based on a large experience with ample 
control. 

During our first year in France practically 
all wounds coming from the front to the base 
hospitals were drained and usually packed 
with all sorts of so called germicides, including 
Carrel-Dakin solution, the famous B. I. P., 
dichloramine-T, and many other red, white, 
blue, green, and yellow solutions, all short 
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lived favorites which lost their popularity 
rapidly. They did not withstand the test 
of time. During this time in France when 
wounds were drained, it is not recalled that 
we ever saw a clean non-infected wound. 
In 1918 all of this was changed and débride- 
ment was practiced extensively in the ad- 
vanced stations and following this procedure 
many of the wounds were closed without 
drainage, and later under observation in the 
base hospitals they remained clean. Then 
we began to experience the satisfaction of see- 
ing compound fractures converted into simple 
fractures and recover without suppuration. 
The accuracy and completeness of the skin 
suture must depend upon the loss of superficial 
tissue substance and the circulatory integrity 
of the remaining skin flaps. Obviously, any 
portion of skin that is thought completely 
deprived of all of its circulation must be 
sacrificed. Generally, it is not good practice 
to undermine the edges of the skin to over- 
come tension. Occasionally, it is feasible 
to make longitudinal incisions a distance 
from the edges to facilitate their apposition. 
The sutures should always be tied loosely and 
at some distance apart so as to allow the 
escape of fluids that might collect and cause 
considerable tension. A thought that the 
collection of serum may act as a germicide 
has been advanced. Where the skin has been 
so destroyed as to preclude the approximation 
of the edges a full thickness flap may be 
implanted over a small area. If it is found 
impossible to secure by any means an entire 
skin covering, it is our practice to apply a 
dressing of equal parts of alcohol and glyc- 
erin. This dressing is hygroscopic and tends 
to promote the flow of lymph toward the 
surface—a process thought to be beneficial. 
We are in accord with the older school of 
thought which teaches that the long muscles 
of the extremities immediately contract and 
subsequently retract when a bone or bones 
are fractured. Following this conception we 
always apply skeletal traction to the distal 
part, and this is usually accomplished by 
means of some form of caliper or bone clamp. 
Kirchmer’s wire or some other device may be 
used. The caliper in some form seems prefer- 
able for it does not penetrate the substance of 


the bone and is more easily removed. How- 
ever, this may be decided by the choice of the 
individual surgeon. Plaster-of-paris splints or 
casts are rarely used. Perhaps they have a 
function in selected cases. Dependence is 
placed upon suspension splints, preferably 
some type of Thomas splint or the various 
modifications. New splints are being con- 
structed by men of ingenuity and many of 
them have merit but give the best results in 
the hands of their designers. This is a tech- 
nicality that is not important if the principle 
of skeletal traction is carried out. 

The danger of tetanus and Welch bacillus 
infections in compound fractures is common 
knowledge, and a prophylactic dose of anti- 
tetanic and anti-Welch bacillus serum should 
be given as routine practice. 

An attempt has been made here to give the 
principles of a routine method for the treat- 
ment of compound fractures of all kinds. If 
some of the statements seem dogmatic may 
we say that they are predicated upon a rather 
wide experience and advanced with a knowl- 
edge that any broad assertions about the sur- 
gical therapy best adapted for these cases, 
must be qualified by the admission that each 
injury has particular conditions with which to 
deal and is a law unto itself. 


SUMMARY 


1. All fractures must be splinted before 
transportation when this is practical. 

2. The first procedure must consist of 
efforts to combat shock. 

3. Débridement must be depended upon 
to cleanse the wound—mechanical and not 
chemical sterilization. 

4. Careful search should be made for all 
severed nerves and tendons and repair 
accomplished. 

5. Perfect hemostasis must be secured. 

6. It is imperative that all drainage ma- 
terials be completely avoided. 

7. The skin edges should be accurately 
approximated when possible. 

8. Skeletal traction should be applied for 
the retention of the fragments in anatomic 
apposition. 

g. Suspension rather than plaster-of-paris 
splints should be used. 
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more than half a century old. It began 
within the life-time of many of the 
leaders of our profession and within the span 
of the professional careers of those older prac- 
titioners who are reaching the years of retire- 
ment and reminiscence. In another decade 
we shall no longer be able to hear the tales of 
surgical practice before the days of Pasteur 
and Lister. Modern surgery is founded upon 
certain bacteriological laws and its scope 
would have remained greatly limited if it had 
not made practical application of that 
biological knowledge out of which also grew 
the science of bacteriology. The discovery of 
these laws we owe to Pasteur. Their prac- 
tical application to surgery we owe to Lister. 
Pasteur discovered that infection of wounds 
is caused by bacteria and Lister demonstrated 
that these bacteria may be destroyed by 
appropriate means and that the infection of 
operative wounds may thus be prevented. 
One would have supposed that the science 
and art of modern surgery, having estab- 
lished itself on these basic bacteriological laws, 
would have continued to be intimately wedded 
to the science of bacteriology so that they 
might have grown up together to their mutual 
benefit; but such is not the case, for in most 
hospitals and in many medical schools, they 
have been completely divorced. Each goes its 
own way with little or no recognition of the 
other and with little or no attempt at mutual 
aid. If you should ask the chiefs of the surgi- 
cal staffs of our hospitals, or the professors of 
surgery in our medical schools if they have 
anyone in their departments particularly in- 
terested in bacteriology, or if you should ask 
the professors of bacteriology if they have 
anyone in their departments particularly in- 
terested in surgery or surgical problems, the 
answer, in the majority of cases, would be 
“No.” This is not true of the departments of 
medicine, for in most hospitals and medical 
schools the members of the bacteriological 


"Tone era of modern surgery is hardly 


departments are often particularly interested 
in medical problems. Very often the head of 
the department of medicine is an expert in 
infectious diséases, and those members of his 
staff who are interested in bacteriology equal 
in numbers and rank those interested in the 
metabolic disorders. 

One is tempted to ask why this should be so. 
Is there a larger proportion of infectious dis- 
eases in medical practice than in surgical prac- 
tice? This may be true, but if this is a factor I 
doubt if it is the important one. The practice 
of surgery requires a large proportion of time 
to be given to certain technical training which 
the medical man does not need. Likewise the 
surgeon must devote longer hours to the 
detailed study and to the frequent review of 
anatomy. For many years many young sur- 
geons considered it a necessary part of their 
training to teach anatomy. The next require- 
ment for the surgeon is to know pathology. In 
this respect he does not differ from the medical 
man although it may be said that the sur- 
geon more often has an opportunity of study- 
ing the pathology of his cases because such 
examinations can be made in all of his cases, 
those which survive as well as those which die, 
while the medical man’s pathological study is 
limited to those cases which go on to a fatal 
termination of the disease. What time has a 
surgeon left to study bacteriology or be inter- 
ested in it? The obvious answer is—‘‘None, 
he must depend upon the bacteriologist to do 
his bacteriology for him.”” But can a bac- 
teriologist, without knowledge of surgery, give 
adequate service to the surgeon either for 
routine or for special work? This question 
must be asked of the head of the surgical 
service or department: ‘“‘Are you satisfied 
with the service the bacteriological depart- 
ment is giving you?” If we meditate upon 
this question, it becomes evident that this 
service must be fourfold: (1) routine, (2) 
emergency, (3) special minor research, and 
(4) major research. 
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THE PROBLEM 


Routine work. In the first place there is a 
great mass of routine service to be rendered— 
the periodic check-up of the operating room 
technique—-the autoclaves, the instrument 
sterilizers, the water sterilizers, the antisep- 
tics, the catgut; the ward dressing technique; 
the cultures of infected wounds, abscesses, 
carbuncles, empyemas, sore throats, urine, and 
other material obtained from the daily run 
of operative cases and ward dressings. This 
work is perhaps the easiest to handle. It can 
be done in the course of the day’s work from 
nine until five and a large mass of material 
may be handled at the same time. 

Emergency work. In the second group, 
which is perhaps more important, there is a 
great quantity of work which might be called 
emergency bacteriology. This must be done 
on short notice at any time of the day or night. 
A patient comes into the hospital with peri- 
tonitis. The surgeon operates and finds a 
large amount of free peritoneal fluid without 
any evident perforation of the gut. He should 
know as soon as possible the nature of the 
infection. A smear and an immediate exam- 
ination of the stained slide must be made 
while he is still operating and cultures must 
be made at once so that he may know within 
the time of brief incubation the organisms 
involved. Or a patient comes in with a com- 
pound fracture and after it has been set up 
with the proper traction and suspension 
apparatus, suddenly in the middle of the 
night the temperature goes up and the patient 
complains of pain in the wound. It is found 
to be swollen, cedematous, a little dusky. 
There is doubtful crepitation of the tissues. 
The surgeon must know promptly from 
smear and culture whether the gas bacillus is 
on a rampage and which of the four varieties 
is present. A patient has been operated upon 
for a pyloric obstruction, a gastro-enterostomy 
has been done; cough and hiccough are annoy- 
ing postoperative complications. Suddenly in 
the night he develops pain in the wound. An 
examination reveals puffiness and crepita- 
tion beneath the wound. The surgeon must 
know at once whether a gas infection has 
developed or gas from a perforation or leak 
has appeared in the wound. A quick bac- 
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teriological examination is necessary. A 
patient comes in with a high fever, he is obvi- 
ously septic, the focus is not apparent but it 
is important to know as soon as possible 
whether or not the patient has a positive 
blood culture. A patient is admitted to the 
hospital with high fever and a swollen, pain- 
ful, red, hot knee-joint. The surgeon aspirates 
the fluid and needs to know the nature of the 
infecting organism by smear and culture. 
Any delay will materially affect the prompt- 
ness of treatment and the eventual outcome. 
A patient is admitted with signs of fluid in 
the chest, aspiration reveals a thin, turbid 
fluid. Is it transudate or exudate? What bac- 
teria are present? The correctness of treat- 
ment depends upon the prompt answer to 
these questions. Is your bacteriological de- 
partment prepared to give you this emergency 
service at any time of the day or night? 
Special bacteriological minor research. Fre- 
quently a patient comes into the hospital who 
presents an unusual problem in surgical infec- 
tion. It may be an unusually severe type of a 
well recognized infection, or a rare type not 
easily recognized. The case obviously needs 
some special bacteriological study. Routine 
methods of taking specimens or routine 
methods of cultivation will not suffice. The 
preliminary culture may reveal no organisms 
in a lesion which is obviously an infection, or 
it may reveal an unusual organism with 
peculiar properties which require further 
study or it may yield a mixture of organisms, 
only one of which is significant. Such prob- 
lems come up in severe cases of septicemia 
in which not only the diagnosis must be made 
but the course of the disease must be followed 
from day to day. Serious involvement of the 
face and neck following the spread of an infec- 
tion from teeth, tonsils, or cesophagus require 
this special kind of bacteriological service, for 
here we may have a mixture of mouth organ- 
isms and the severity of the infection may be 
due not so much to any single species of 
organism present, as to the synergism of the 
various species. Such complex problems like- 
wise arise in cases of acute or chronic infective 
gangrene of the skin and these may have to 
be handled not only by means of a special 
bacteriological analysis but they may require 
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a series of animal experiments before the 
nature of the infection can be determined and 
the problem satisfactorily solved. Cases of 
lung abscess or bronchiectasis require a com- 
plete bacteriological analysis before they can 
be intelligently handled. Liver abscesses fre- 
quently need to be studied from several 
different angles before the cause can be de- 
termined and the appropriate treatment 
applied. Chronic ulcers of the abdominal wall 
or of the extremities often present difficult 
bacteriological problems which cannot be 
solved by simple procedures. Certain ex- 
tensively infected wounds with loss of sub- 
stance such as were seen frequently in time of 
war and occasionally occur in cases of acci- 
dent, require not only an analysis of the 
original bacterial flora but a periodic exami- 
nation to determine when the various organ- 
isms disappear and when it is safe to subject 
the wound either to skin graft or secondary 
closure; for a failure to consider the bacteri- 
ological elements in such a problem may result 
in a failure of the surgical procedure. Such 
special studies of individual cases as I have 
described may be called minor research in 
surgical bacteriology and unless these unusual 
problems are satisfactorily solved the bac- 
teriological service cannot be called adequate. 

Major research. Besides the minor researches 
which may be required in connection with 
any individual case there are certain major 
or perennial problems in bacteriology in which 
surgeons should be interested. Some of these 
they very properly share with the internist; 
for example, pneumonia. Although the patho- 
genesis of postoperative pneumonia may have 
a different mechanism from ordinary pneu- 
monia, the bacteriological aspects may very 
well be the same in both cases. Lung abscess 
and empyema are of interest both to the 
medical and surgical services but here it must 
be admitted that the surgeon is more directly 
concerned. In like manner both surgeon and 
internist are involved in bacterial problems 
associated with the alimentary canal. The 
internist is most concerned when the disease 
is due to a disorder caused by the organisms 
while remaining within the tract, while the 
surgeon becomes particularly interested when 
the intestinal organisms invade the tissues 


outside of the alimentary tract; for example, 
in peritonitis, cholecystitis, cholangiitis, pyle- 
phlebitis, etc. Arthritis may be a problem 
in which the internist is more concerned but 
when it becomes a suppurative process the 
surgeon must take a hand. The surgeon is 
taking more and more interest in the disease 
of the peripheral blood vessels, more perhaps 
from the point of view of the vasomotor ner- 
vous mechanism than from the bacteriological 
point of view but we still have the problems 
of suppurative phlebitis, postoperative throm- 
bophlebitis with pulmonary embolism, migrat- 
ing phlebitis, and thrombo-angiitis obliterans 
which have not yet been satisfactorily 
studied from a bacteriological viewpoint. 
Bacteriophage was originally studied inten- 
sively in connection with such internal infec- 
tions as dysentery and cholera but it has been 
more recently applied to surgical diseases, 
such as furunculosis, carbunculosis, subcu- 
taneous abscess, and septicemia. Here is a 
new attractive and intensely stimulating field 
in which surgeons with wide clinical experi- 
ence may profitably expend their powers of 
observation and experimentation. Septicz- 
mia, in its multitudinous aspects, needs con- 
tinuous and intensive research before its prob- 
lems can be solved. Bacteriological problems 
both medical and surgical very easily lead to 
more fundamental problems in immunity, 
both general and local. Indeed the problems 
of local immunity may be of greater interest 
to the surgeon than the problems of general 
immunity because his problems are usually 
local and his treatment must necessarily be 
limited to a relatively small region or a single 
tissue or organ of the body. 

From the statements so far made, it is 
obvious that the problems which face the sur- 
geon from the bacteriological viewpoint are 
legion. They crowd in upon him from every 
side and in most clinics and in most hospitals 
they are either not faced at all or are assigned 
to those who are not particularly interested 
or are not qualified to reach a satisfactory 
solution. If every professor of surgery, or the 
surgical director of every hospital, were asked 
if he were satisfied with the bacteriological 
service which he is receiving, one wonders 
how many could conscientiously answer “Yes.” 
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‘THE SOLUTION 


If there is to be any solution of this prob- 
lem it must come not from the bacteriologists, 
but from the surgeons themselves. It is diffi- 
cult for a bacteriologist to attack a surgical 
problem for it is almost impossible for him to 
acquire a surgical point of view without sur- 
gical training. These problems must be at- 
tacked by surgeons who have developed the 
surgical viewpoint, and in the course of their 
training have acquired the fundamental 
knowledge of bacteriology. They may then 
apply it to the surgical problem. Pasteur did 
not solve the problem of aseptic technique, 
but Lister, the surgeon, learned the funda- 
mental laws of bacteriology from Pasteur and 
applied them to a surgical problem. The 
professor of surgery or the surgical chief can- 
not go to the professor of bacteriology and 
say: “Here are our problems of infection, 
please solve them for us.” He must say to 
his internes and his staff: “Learn the funda- 
mentals of bacteriology and apply them to 
our problems of infection in surgical condi- 
tions.” A large part of the time given to train 
a surgeon must be spent in acquiring the 
manual dexterity needed to perform opera- 
tions. Similarly a large proportion of a sur- 
geon’s time each day must be given to the 
actual surgical treatment of his cases. A cer- 
tain technique is also necessary in bacterio- 
logical work but this is more easily acquired 
and the actual problems are solved more by 
reading, thinking, observing, correlating, and 
co-ordinating than by the actual performance 
of experiments. 

However, for the solution of the difficulties 
arising in any particular hospital only general 
principles can be laid down. These must be 
adapted and applied to the peculiar situa- 
tions which are found in different institu- 
tions. The professor of surgery, or the surgical 
director must make such arrangements as the 
size and quality of his staff will permit and 
the results will depend on the amount of time 
and intelligence applied to his bacteriological 
problems. It would seem fundamental that 
the surgical internes should have as part 
of their regular training at any convenient 
period in their rotary service the responsibility 
for doing. the routine and emergency bac- 


teriology of the surgical department. They 
must have supervisory instruction from the 
staff bacteriologist or from one of the surgical 
department who has been trained in bacteri- 
ology. The former is preferable for the staff 
bacteriologist is more apt to be able to develop 
a broader bacteriological viewpoint. Further- 
more, at night or on holidays the surgical 
internes may be required to do the emergency 
bacteriology for the medical service just as 
the medical internes may be called upon in 
emergency to make cultures from surgical 
specimens. If the surgical internes are re- 
quired to do the bulk of the routine and 
emergency bacteriology for the surgical de- 
partment, the surgical viewpoint will be 
brought to the study of the specimen. In- 
stead of having the specimen studied in a 
routine and perhaps abstract way as “pus,” 
it will have a more particular interest in being 
a special kind of pus from a known location 
in a particular individual. In such a case the 
report is much more apt to be of some sig- 
nificance. During this period of bacteriologi- 
cal study and service this work need not be 
the interne’s only duty, but it should be 
paramount and should be performed as the 
most important duty of the day. In cases of 
emergency he must be available to receive 
and cultivate the material as soon as possible 
after it is obtained from the patient. No 
time must be allowed for the material to dry 
and yield nothing on culture when viable 
organisms are really present in the material 
when it is obtained. The period of the 
interne’s service must be long enough for him 
to learn all of the bacteriological methods, 
including anaerobic as well as aerobic culture, 
fermentation and proteolytic reactions, spe- 
cial media and methods for special organisms, 
animal inoculation, immunological reactions, 
vaccine and serum preparation, complement 
fixation and agglutination tests. This train- 
ing will arouse his interest and give him the 
groundwork necessary for further studies 
when he has completed his interneship and has 
advanced to a higher rank in the staff. If 
time permits, the interne may assist in the 
special studies or major research under the 
direction of one of the older members of the 
staff, and this will increase his interest in, 
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and give significance to, his routine and 
emergency duties. 

The special intensive study of a single 
interesting case can best be carried out by one 
of the resident or attending members of the 
staff who is not deluged by routine duties 
and can have some time to read, study, think, 
correlate, and apply his knowledge of funda- 
mental bacteriology to the problem in hand. 
The clinical care of the case need not neces- 
sarily be in his hands but there are many 
things to be said in favor of this arrangement. 
He is able to apply the treatment indicated 
without delay, his hands are not tied by a 
contrary opinion with regard to the treat- 
ment. The patient has the advantage of an 
individual doctor’s responsibility for his case. 
Any change in the patient’s condition is 
noted early and appropriate measures taken 
to investigate the cause, etc., etc. Such special 
investigations should be limited to the par- 
ticular case and enlarged only if they are 
found to lead to general principles which re- 
quire the carrying on of research on a larger 
scale. 

The major or perennial problems of surgical 
bacteriological research should always be 
under close direction of one of the older men 
who has had both the clinical and technical 
experience necessary for its solution or intelli- 
gent attack. .Such studies must be correlated 
and carried through in a logical fashion—a 
part at a time, but with the part seen in its 
relation to the whole. In these problems the 
director of research may have technical help 
but the results obtained by such assistants 
must invariably be checked by his own obser- 


vations and he must constantly correlate the 
various parts of the problem and hold the 
investigations to the main purpose. 

As to the question of how far such researches 
should go in the direction of pure science, 
there may be a real difference of opinion. 
This may depend upon the number of mem- 
bers of the staff available for such work. If 
there are many, one individual might be 
assigned to certain abstract phases of the prob- 
lem but it would seem to be better to leave 
such aspects of the problem to a regular 
member of the bacteriology department who 
might have better qualifications to carry it 
to a successful solution. 


CONCLUSIONS 


An adequate bacteriological service for any 
surgical department directs its attention to 
routine work, to emergency work, to special 
research, and to general research. This serv- 
ice can be obtained only when the professor of 
surgery or the director of the surgical service 
demands the necessary money and equipment 
from the authorities and lays out a plan for 
the training of internes in bacteriological 
technique, and builds up into his own staff 
those qualified to carry on minor and major 
research in the bacteriological problems of 
surgery. 

After many nuclei of such work have been 
developed in many medical centers friendly 
rivalry will speed the solution of these prob- 
lems and it may be possible to correlate or sub- 
divide the problems in some way so that the 
best service may be obtained with a minimum 
of wasted time and energy. 
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TUBERCULOUS TENOSYNOVITIS OF THE HAND 


A Stupy or THIRTY-THREE CASES OF CHRONIC TENOSYNOVITIS OF THE Hanp! 
MICHAEL L. MASON, M.D., F.A.C.S., Catcaco 


synovitis of the hand can lay claim to 

little of originality. The report of Dr. 
Kanavel in 1923 has described the condition 
so well that additions are superfluous and 
deletion impossible. In the account which 
follows I have borrowed heavily from Kanavel 
and am glad to acknowledge the indebtedness. 

The material upon which this report is 
based consists of 32 operated upon cases of 
chronic tenosynovitis of the hand from the 
service of Drs. Allen B. Kanavel, Sumner L. 
Koch, and myself at Wesley Memorial and 
Passavant Memorial Hospitals, Chicago; they 
represent a period of observation of over 20 
years, the first patient having been operated 
upon in 1914. Of the 32 cases, 23 are verified 
tuberculous tenosynovitis, and it is upon these 
that this paper is essentially based. The 9 
remaining of the 32 patients, include 3 in- 
stances of multiple tenosynovitis, none of 
which was definitely proved to be tuberculous, 
and 6 instances of chronic tenosynovitis clin- 
ically indistinguishable from the tuberculous 
type. 

Tuberculosis is the most frequent cause of 
chronic infection of the tendon sheaths of the 
hand. Because of the slow development and 
the not infrequent absence of pain or func- 
tional disturbances until late in the course of 
the disease the tendency for both patient and 
surgeon is toward delay in seeking or in ad- 
ministering adequate treatment. Frequently 
the correct diagnosis is not made for many 
months or even years with consequent loss of 
valuable time. The presence of a chronic 
dough-like sausage-shaped swelling over the 
flexor or extensor tendons is practically always 
due to tuberculosis, and if rice bodies can be 
demonstrated the diagnosis is practically cer- 
tain. Despite the chronicity early recognition 
of the nature of the disease is necessary if 
we are to treat it successfully since, if the con- 
dition progresses, the tendons themselves are 
invaded and may be destroyed and fistule, 


a [= present study of tuberculous teno- 


secondary infection, and extension to bones 
and joints are apt to occur. The possibility 
of a complete cure is attested by the results 
from our clinic and numerous other surgical 
clinics. 

ETIOLOGY 

It is usually stated in the literature that 
tuberculous tenosynovitis is somewhat more 
frequent among males than females, according 
to Zoeppritz in the proportion of males to 
females of 3:2. Clairmont, Winterstein, and 
Dimtza of 62 patients found 30 males to 32 
females, while our own figures are 9 males to 
14 females. 

The age incidence shows a predilection for 
the third and fourth decades, though no age 
is exempt. Our own figures of 23 cases show 
a fairly even distribution for the male patients 
from the second to the sixth decade, while the 
female patients reveal a very definite pre- 
ponderance in the third decade. 


TABLE A.—AGE INCIDENCE OF TUBERCULOUS 
TENOSYNOVITIS 


Personal cases* 
(Kanavel, Koch, and Mason) Clairmont 


Decade 


Total 


o-10 


| Male | Female 
| 


II-20 


21-30 


31-40 


41-50 
51-60 


61-70 
71-80 


| 
| 1 (82 years) 
| 62 


81-90 
Total 


*In our cases the age is taken as the age of onset and not the age at 
which patient applied for treatment. 


The youngest patient upon whom we have 
operated for this condition was 19 years of 
age and the symptoms had been present some 
6 months at the time. However, another 


1From the Department of Surgery, Northwestern University Medical School and Passavant Memorial Hospital. 
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patient who came for treatment at the age of 
23 gave a history of swelling of the wrist and 
fingers of 10 years’ duration which indicates 
an age of onset of 13 and would make her 
therefore the youngest in our series. The 


oldest patient was a female of 60 whose dis-’ 


ease began 18 months before operation, i.e., 
at about the age of 58. Clairmont, Winter- 
stein, and Dimtza report 2 cases in the first 
decade and 1 in the ninth decade (82 years). 
The average age of onset in our patients is 
32.6 years, with the average for the male 
patients of 37.9 years and for the female 
patients of 29.1 years. We can suggest no 
explanation for this difference in age distri- 
bution. 

The disease shows a rather definite predi- 
lection for the right hand (16 right and 7 left) 
and for the volar surface (18 volar, 4 dorsal, 
1 both volar and dorsal). In the 14 cases 
reported by Dr. Kanavel in 1923 the right 
hand was involved in 13 and the left in 1, the 
latter in a left handed individual. We do not 
know, however, that the 13 others were right 
handed, and we do not know how many of 
the present series are right handed, though 
the preponderance of involvement of the right 
hand may be of some significance. 

What rdéle occupation plays is uncertain. 
It is usually stated that those who use their 
hands for manual labor are most frequently 
victims of tuberculous tenosynovitis. The oc- 
cupation of housewife occurs in 8 of the 14 
females, while the 6 others are nurse, saxo- 
phone player, laundress, clerk, beauty parlor 
operator, and club executive, respectively. Of 
the 9 males, 2 were clerks, 1 was a clergyman, 
1 a banker, and 1 a nightwatchman. The 4 
others used their hands for hard manual 
labor: shoemaker, farmer, mechanic, and coal 
miner. Hence, although it is usually conceded 
that manual labor predisposes to the infec- 
tion, other factors are undoubtedly of equal 
importance. 

Whether the rate of intimate exposure to 
tuberculosis is higher among these patients 
than among any other group of patients we 
cannot say. Of 23 patients, 5 (1 male and 4 
females) gave a definite history of tuberculous 
contacts, i.e., with members in the immediate 
family with active (usually fatal) tuberculosis. 
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Eleven patients denied any exposure among 
the immediate family, while in 7 information 
is lacking. Of the 5 patients with history of 
exposure 2 subsequently succumbed to tuber- 
culosis. 

In 6 instances evidence of other possible 
tuberculous lesions elsewhere on the body 
was present. In 1 patient there was an ac- 
tive pulmonary tuberculosis which eventually 
proved fatal. Another succumbed to a laryn- 
geal tuberculosis. In 1 case a small skin 
nodule which proved to be tuberculous was 
excised from the forearm, and in this patient 
some diminished resonance and fine crepitant 
rales in the right apex were suggestive, but 
never conclusive of pulmonary pathology. In 
another case cervical lymph glands broke 
down and drained for 5 months after excision 
of the tuberculous tenosynovitis. In the 2 
others tuberculosis was not proved, and the 
evidence therefore was scanty. In 1 instance 
there was a history of loss of weight and a 
pleurisy, while physical examination revealed 
some suggestive findings in the right pul- 
monary apex, consisting of some impaired 
resonance, slightly increased vocal and tactile 
fremitus, and prolonged expiratory sound. 
There was some slight cervical adenitis. The 
X-ray examination of the chest showed some 
peribronchial thickening, but no apical in- 
volvement. In another patient there was a 
history of pleurisy without effusion which 
lasted for 3 weeks some 10 months previous 
to the onset of the tenosynovitis. There were, 
however, no abnormal findings in the lungs. 

The question of trauma is an interesting 
one. Although 11 of the 23 patients gave a 
history of trauma, an analysis of these cases 
leads one to doubt trauma as an etiological 
factor in all but 3 while in the others the con- 
nection between trauma and tenosynovitis is 
too indefinite, the period elapsing between 
injury and tenosynovitis is too short, or the 
history is of an open injury and the source 
for an inoculation infection is not clear. 

In 1 case the patient was cranking a car 
when the crank came loose and the patient 
fell on his outstretched right hand and wrist. 
Immediately after this accident he experienced 
considerable pain and swelling over the dor- 
sum of the fourth and fifth metacarpals which 
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jisted several days and subsided completely. 
\bout 8 months later a swelling appeared on 
ihe dorsum of the wrist which gradually in- 
ceased in size to that of an egg. There was no 
-yontaneous pain when the tumor appeared 
-ad there had been no pain except on use of 
‘ie wrist. An X-ray examination made at 
.e time the patient came for treatment 
- owed involvement of the radius. A typical 
yrsal tuberculous tenosynovitis was found at 
yeration and proved to be so microscopically. 
The second patient in whom trauma might 
-a definite factor, also with positive histo- 
sical proof of tuberculosis, suffered a sprain 
the wrist about 1 year previous to the onset 
the tenosynovitis. This was also a dorsal 
berculosis, and the first symptom was swell- 
i g. Pain here was not spontaneous nor was 
i present on use of the wrist. 
In a third patient trauma must also be con- 
s lered of possible etiological importance. The 
itient stated that she had pounded with the 
im of her hand upon an ice pick following 
‘hich there was considerable swelling of the 
lingers. Several months later a puffy swelling 
appeared in the palm and later above the 
wrist, associated at times with considerable 
pain. Symptoms and findings persisted de- 
spite various sorts of conservative treatment 
for 8 years. At operation there was found 
a typical gross and microscopic tubercu- 
lous tenosynovitis of the flexor pollicis 
longus sheath and common flexor sheath at 
the wrist. 
In 3 other instances although a trauma 


Fig. 2. a, b, c, Tuberculous tenosynovitis of digital 


sheath of right index finger. d, e, Tuberculous tenosyno- 
vitis of digital sheath of right middle finger. f, g, Tubercu- 
lous tenosynovitis of digital sheath of index finger. The 


Fig. 1. Tuberculous tenosynovitis of radial and ulnar 
bursz with extension into the digital prolongations of the 
thumb and little finger, involvement of the digital sheath 
of the index finger, complete destruction of both flexor ten- 
dons to the little finger, and invasion of the flexor tendons 
to the index finger and thumb. 


preceded the onset of the tenosynovitis the 
sequence of events was too rapid to admit any 
causal relationship. Thus in one instance a 
severe sprain of the wrist in a mechanic was 
followed at once by a tuberculous tenosyno- 
vitis of the dorsum of the hand. In a second 
patient a rock fell upon the wrist, and this 
was followed almost at once by an extensive 
tuberculous tenosynovitis of the volar sheaths. 
In a third a mild trauma to the dorsum of the 
hand was followed in 24 hours by a tubercu- 
losis of the radial and ulnar burs and the 
sheath of the index finger. In 2 others the 
trauma, if such there were, was so slight as 
to be only imperfectly remembered by the 
patient. In this connection, however, it is 
interesting to note that none of 6 patients 
with chronic tenosynovitis, in which the mi- 
croscopic sections failed to bear out the clinical 
diagnosis of tuberculosis, gave a history of 
trauma. 


patient had been operated upon 6 years previously for tu- 
berculosis of radial and ulnar burs, which were excised and 
there was no recurrence. The index sheath involvement even- 
tually invaded bone, necessitating amputation of finger. 
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Fig. 3. Tuberculous tenosynovitis of dorsum of right 
wrist. Pulmonary tuberculosis present. The typical spin- 
dle shaped swelling is well shown. 


That tuberculosis of the tendon sheaths 
may follow direct inoculation of tuberculous 
material into the sheath is adequately attested 


by numerous case reports in the literature. 
In most cases the patients are either butchers 
who have slaughtered tuberculous cattle (von 
Tempsky) and inoculated themselves acci- 
dentally with a knife or they are attendants 
in tuberculous sanitaria who injure themselves 
on broken glass sputum dishes (Muehsam). 
In only one of our cases was there any sug- 
gestion of inoculation. The patient first noted 
a soreness on the volar surface of the distal 
phalanx of the right thumb. This was soon 
followed by the development of a small nod- 
ule, at which the patient picked with his 
pocket knife and from which pus was ob- 
tained. This infection was incised and drained, 
discharge continued intermittently for about 
a year, at the end of which time the wrist 
became swollen. Two other patients cited cut- 
ting injuries preceding the development of the 
tenosynovitis. However, the chain of events 
is not sufficiently clear to warrant a sugges- 
tion of inoculation. There was no history 
of handling of tuberculous material and the 


Fig. 4. Tuberculous tenosynovitis of the radial and ulnar 
burse. The radial bursa has been removed, but recurrence 
has taken place in the ulnar bursa. The typical swelling is 
shown at the wrist and in the little finger. 
patients themselves had no other tubercu- 
lous lesions. 

In two instances the onset of the tenosyno- 
vitis was preceded by an acute infectious 
disease, in fact in each instance by two acute 
infectious diseases. In one case there was a 
severe “‘flu”’ of 3 weeks’ duration, during the 
1918 epidemic. After the subsidence of the 
“flu” an acute polyarticular arthritis (diag- 
nosed as acute rheumatism) developed, and 
during this time pain and swelling occurred 
on the dorsum of the hand. In the other case 
the patient at the age of 13 contracted measles 
followed by pneumonia which kept her in bed 
for 3 months. During the time she was bed- 
ridden tenosynovitis developed and persisted 
for some 10 years when she came to us for 
treatment. At this time there was no evi- 
dence on physical examination of any pul- 
monary lesion. 

In our experience tuberculous tenosyno- 
vitis secondary to a tuberculosis of the bones 
of the wrist is quite rare. In but 2 of the 23 
cases did it appear possible. In 1 case the 
radius and in the other the ulna and tri- 
quetrum were the site of the infection and in 
each case the tenosynovitis was the more 
severe condition. We have not taken roent- 
genograms routinely of the hands of patients 
with tuberculous tenosynovitis and we do 
not know in just how many cases a bone 
lesion might have been demonstrated. How- 
ever, in view of the subsequent histories of our 
patients, we do not believe the percentage 
would be large. 
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Fig. 5. Tuberculous tenosynovitis of entire radial bursa 
nd of ulnar bursa above transverse carpal ligament. The 
/hotographs illustrate the swelling which was present 
bove the transverse carpa! ligament at the wrist and 
ver the volar surface of the thumb. 


DISTRIBUTION AS TO SHEATHS 


In the majority of instances tuberculous 
enosynovitis of the hand involves the volar 
endon sheaths (Fig. 1). Of the 23 cases, in 
‘gor slightly over 80 per cent the volar sheaths 
vere involved, in 1 of these with subsequent 
‘nvolvement of the dorsal sheaths. In 17 of 
‘hese 19 instances the radial and ulnar burs 
vere involved, while in 2 cases digital sheaths 
were affected alone; in 1 case (Fig. 2, a, b, and 
c) the sheath of the index finger, and in the 
other of the middle finger (Fig. 2, d and e). 
Of the 17 in which the radial and ulnar 
burs were involved together there was in- 
fection of separate finger sheaths in 4; in 3 
the sheath of the index (Fig. 2, f and g) and 
in t the sheath of the ring finger. In 3 instances 
this associated involvement was concurrent 
with the radial and ulnar bursa infection, 
while in 1 case (Fig. 2, f and g) the index 
sheath did not show any evidence of infection 
until some 6 years after successful operative 
excision of the radial and ulnar bursz. It is 
doubtful in this case if the index finger sheath 
was already infected at the time of the first 
operation. In 2 of the 3 other cases the digital 
sheath was excised at the same time as the 
radial and ulnar burs because objective evi- 
dence of infection was present. In the other 
case the patient returned 3 months after oper- 
ation with recurrence in the ring finger. The 
sheath we assume was already infected at the 
time of the first operation, but without clini- 
cal evidence thereof. 

In 5 cases the dorsal sheaths (Fig. 3) were 
infected; 4 times alone, and in 1 instance with 
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g. 6. Chronic non-specific tenosynovitis of radial and 
bursa of both hands. 


associated disease in the volar sheaths and 
carpus. Although isolated involvement of the 
various dorsal synovial sheaths may occur we 
have always found multiple involvement. The 
extensor digitorum communis and extensor 
pollicis longus sheaths are invariably affected 
while the other sheaths may escape. 

The extent to which the radial and ulnar 
burse may be involved varies somewhat from 
case to case, while involvement of the finger 
sheaths or of the dorsal sheaths practically 
always extends throughout the entire sheath. 
Thus the radial and ulnar burse may be 
markedly involved at the wrist and the proc- 
ess may extend distally into the distal ends 
of the two burs (Figs. 4 and 5). The disease 
process may stop in the palm and not invade 
the thumb or little finger at all or one may 
be invaded throughout its entire extent while 
the digital extension of the other bursa may 
be entirely free. The digital prolongation into 
the little finger most often escapes. Thus of 
the 17 cases, in only 5 did the radial bursal 
prolongation in the thumb remain free of 
disease, while in only 5 was the digital pro- 
longation in the little finger involved. In no 
case was the radial or ulnar bursa involved 
alone. In 1 instance in which the ulnar bursa, 
from gross inspection at time of operation, 
seemed free of disease, the radial bursa alone 
was removed. There was prompt recurrence 
of the trouble, this time with extensive in- 
vasion of the ulnar bursa. This observation 
coincides with our experience with acute pu- 
rulent tenosynovitis—that infection of one 
bursa is in practically every instance followed 
by invasion of the other. 

Although instances of multiple tuberculous 
tenosynovitis have been reported, it has not 
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Fig. 7. The median nerve, especially within the narrow 
confines of the carpal tunnel, is compressed by the swollen 
sheath beneath it, it may be surrounded by tuberculous 
tissue, its surface injected and fibers separated by cedem- 
atous swelling. Actual invasion and destruction have not 
been seen. 


been our privilege to see any such case. Three 
cases of multiple tendon sheath involvement 
have been operated upon, but in none has a 
tuberculous origin been proved. In each case 
both hands were involved—in one both the 
volar and dorsal sheaths, in 1 case the volar 
sheaths of the right hand, the dorsal sheaths 
of the left and the left knee joint were affected 
while in the third the volar sheaths of each 
hand (Fig. 6). In the 2 first instances the 
sheaths contained a thin straw colored fluid 
and a small amount of viscid gelatinous mate- 
rial adherent to the tendons and to the walls 
of the sheaths. In neither case was there any 
invasion or destruction of the tendons. In 
the third case the gross pathological picture 
was that of a tuberculous process and there 
was invasion and partial destruction of tendon 


tissue. PATHOLOGY 


It is customary to divide the tuberculous 
infections of tendon sheaths into four types: 
(a) serous, which is very rare, (b) serofibrinous 
or rice body hygroma, (c) fungus, and (d) cold 
abscess (Kaufmann, Lexer, Mueller). This 
subdivision is of no particular practical value 
except that there seems to be a less severe 
involvement and less likelihood of tendon 
destruction in the pure hygroma or rice body 
type than in the fungus. Since, however, one 
type tends to pass over by insensible gra- 
dations into another and all pathological types 
may be present in one and the same case the 
distinction cannot always be made. 


GROSS PATHOLOGY 


The gross pathological picture presented 
by tuberculous tenosynovitis varies somewhat 


depending upon the type or predominating 
type of lesion and upon the duration of th« 
disease. Thus in very early stages the sheath 
may be but slightly thickened and the synovia' 
fluid straw-colored and increased in amount 
while in later stages these pathological change: 
may progress to produce marked thickening 
of the sheath with granulation tissue pro- 
liferation, caseation, rice body formation, ten- 
don invasion and destruction with secondary 
infection and sinus formation. 

It must be constantly kept in mind that the 
infection involves both the parietal and vis- 
ceral layers of the sheaths, and that whatever 
might be the contents of the sac the primary 
pathological focus is in the synovial wall. 

The description of the gross pathological 
picture as given by Dr. Kanavel in 1923 can- 
not be improved upon: 


The affected area, whether it involves the dorsal 
or volar surface of the forearm, the wrist, the palmar 
surface of the hand, or the individual fingers appears 
as a more or less spindle shaped swelling (Figs. 1, e, 
3). The swelling may give a definite sense of fluctua- 
tion, it may be doughy, it is rarely hard and firm. 
Early in the course of the disease it may be so ill- 
defined as to leave a question as to its actual 
presence. ... 

On incising the skin over the affected area, the 
deep fascia appears more tense than normal, and tne 
fascia and superficial tissues may appear slightly 
oedematous. On incising the deep fascia, evidence 
of pathological change immediately appears (Fig. 
7). The tendon sheaths are no longer white, and 
glistening, but yellowish-white, grayish-red, gray, 
purple, or bluish-purple. 


They appear as definite separate demarcated 
cyst-like structures, easily separable, in the 
early stages at least, from the surrounding 
structures. Occasionally large veins course 
over the mass and with the purple coloration, 
which is often present, suggest an angioma. 
At times in the early cases of hygroma, areas 
of the sheath may be thin and transparent so 
that rice bodies if present may be seen through 
it. 

Instead of herniating quickly through the smallest 
opening in the deep fascia, the oedematous tissue 
tends to herniate into the wound only when an in- 
cision of some length is made. On incising it, this 
cedematous tissue is found to consist of the thick- 
ened tendon sheaths and tendons, more or less closely 
matted together (Fig. 7). If the process is not far 
advanced it is possible to separate the individual 
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Fig. 8. Drawing of tissues operatively removed, consisting of the radial and ulnar 
burse and frayed invaded flexor tendons to the index and little fingers. The burs 
have been converted into thick walled sacs containing many loculi filled with soft, 
gelatinous, grayish material. The tendons to the index and little fingers within the 
sac were transformed into a yellow caseous mass. 


tc dons from one another. Then it may be seen 
t) it the involved tendons, with their sheaths, form 
a usiform enlargement. The vascular sheath varies 
ir thickness from 0.5 to 3 millimeters, depending on 
the duration of the disease. On incising the sheath 
the thickened tendon appears within it. Much of 
the fusiform enlargement disappears as thin, straw- 
colored fluid occasionally with flakes of fibrin pours 
from the open sheath. The thickened tendon is still 
free in the sheath, and on incising the tendon, it is 
found that the thickening is due to involvement of 
the visceral layer of its sheath. The white fibrous 
tendon is still intact within the soft, vascular granu- 
lation tissue which has replaced the normal tissue 
paper visceral layer of the tendon sheath. During 


Fig. 9. Tuberculous tenosynovitis of the radial and ulnar 
burs. Process in palm has spread beyond anatomical 
limits of the sheaths involving middle palmar space. 


this stage the tendon can still be dissected out of the 
tuberculous sheath and shows little or no patholog- 
ical change. This is the earliest stage of the so-called 
hygromatous form. 

In a later stage the sheath becomes partially 
obliterated by fibrous tissue formation. Fluid is 
confined to a definite portion of the sheath, and rice 
bodies may appear in the fluid. 


At times there is found a formless pultaceous 
or fibrinous material in the sheath of the same 
color as rice bodies and thought to be an early 
stage in rice body formation. We are fre- 


Fig. 10. Tuberculous tenosynovitis of the radial and 
ulnar burse accompanied by an invasion of the thenar 
space. 
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Fig. 11. Rice bodies removed in a case of tuberculous 
tenosynovitis. The variable size of the rice bodies is shown, 
the largest one is over 25 millimeters in length, the smallest 
less than 2 to 3 millimeters. 


quently surprised at the scanty amount of 
fluid if there are numerous rice bodies present. 


Still later the fluid is replaced by a caseous sub- 
stance which may be localized in one or two areas. 
The tendon sheath is replaced by granulation tissue, 
and later by fibrous tissue; fragmentation of the 
tendons takes place (Figs. 8 and 28), and several 
tendons, or all of them, may be firmly bound to- 
gether in a mass of fibrous tissue... . 

These varying conditions, described as charac- 
teristic of different stages of the disease, may at 
times be seen in the same individual. Straw-colored 
fluid with rice bodies may be present in the radial 
and ulnar burse while the tendons of the fifth 
finger in the palm have undergone almost complete 
fragmentation and division. Such fragmentation 
can occur while the tendon still moves freely in its 
sheath. ... 

The final stage of the uncomplicated disease, the 
fungus form, is characterized by extensive formation 
of granulation tissue and caseation, with or without 
rice bodies. The exposed tuberculous mass is very 
vascular, soft, and of a grayish-red or purple color. 
It looks like a sausage-shaped enlargement which has 
replaced the tendinous mass. When the soft, thick 
granulation tissue forming its outer wall is incised, 
the interior of the tendon sheath with the involved 
tendon is exposed. There may be some thick, gelat- 
inous, straw-colored fluid present; there may be 
rice bodies; there may be only caseous material 
within the synovial space. At times the swelling 
may be bilocular, with rice bodies present in one 
loculus and gelatinous fluid in another. The lining 
membrane of the tendon sheath is no longer glossy 
and shining, but dull and lusterless. It may be 
adherent to the tendon in a part of its course; it 
frequently shows areas of caseation and necrosis. 


Occasionally the infected sheath ruptures 


and one or more of the fascial spaces of the 
hand and forearm are invaded. The middle 


palmar space or the thenar space may e 
distended and filled with tuberculous tiss ¢ 
(Figs. 9 and 10). However, it is somewh t 
more usual for extension to occur into t e 
forearm. These extensions when they occ r 
in the palm tend to be encapsulated thou; h 
this is not the case in the forearm. 

“The visceral layer of the sheath is involv: d 
like the parietal layer.’”’ The tendons lo e 
their white shiny luster, their surfaces ae 
covered by the same type of tissue as lin:s 
the interior of the sheath (Figs. 8 and 28). 
When this is removed the tendons may appe:r 
normal or there may be invasion of the tendon 
substance by the tuberculous tissue. In the 
early stages this is evidenced by a separation 
of the fibers by a small red or reddish-brown 
mass of tuberculous granulation tissue. Later 
the tendon appears soft and swollen, greyish- 
yellow, or even caseous and frayed. With this 
invasion and destruction the tendon soon loses 
its tensile strength and ruptures. Once the 
tendon has become invaded the tuberculous 
process tends to spread for a short distance in 
a longitudinal direction so that a section made 
across normal appearing tendon distal or prox- 
imal to the area of definite tuberculous in- 
vasion may show a central area of destruction 
(Fig. 14, b). 

This process of tendon destruction is most 
marked in places where the tendon is con- 
fined within a narrow space, that is, within 
the carpal tunnel under the transverse carpal 
ligament. This is probably due to the swelling 
which interferes with the blood supply of the 
tendon and makes it more easily invaded by 
the infection. 

In 12 of our-23 patients one or more tendons 
were either completely destroyed or so badly in- 
volved that whole segments required removal 
and plastic repair was necessary in 10 of these, 
while in another 5 patients there was consider- 
able fragmentation and invasion, but it was pos- 
sible to excise the affected portions withou: 
sacrificing the whole tendon. This is a rathe’ 
startling figure and again emphasizes the fac 
that both visceral and parietal sheaths are at 
tacked in the disease. There is a certain corre 
lation between severe tendon involvement anc 


duration of the condition before operation. Th : 
duration of symptoms previous to treatmen. 
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Fig. 12, a, Photomicrograph of rice body (X 35). This is the type made up of 
amorphous fibrils and coarse granules of fibrin-like substance laid down in a concen- 
trically laminated fashion. b, Photomicrograph of cellular type of rice body com- 
posed of round or polygonal cells with many large spaces filled with homogeneous 


material (X 35). 


in 2 patients with marked tendon destruction 
requiring excision of whole segments of ten- 
dois averaged 51 months. In 5 patients with 
ma'ked involvement, but not sufficiently se- 


vere to necessitate more than excision of super- 
ficial layers from the tendon, the duration 
averaged 33.2 months, while in 6 patients with 
slight or no tendon invasion the average dura- 
tion was 23 months. This correlation holds in 
general even though the severity of the process 
shows marked variation from case to case. 
Thus although in 2 patients with marked 
destruction the condition had been present 
for 10 years, the duration in the other patients 
in this group (ranging from 6 months to 5 
years) averaged 31.1 months. In the group 
with the least involvement there was 1 patient 
in whom the swelling had been present for 8 
years, in the 5 remaining patients, however, 
the duration ranged from 5 months to 2 years 
with an average duration of 12 months. We 
can say, therefore, that, in general, if the 
disease has been present over a year tendon 
invasion is sure to be found, and that if it 
has been present for 3 years or longer there 
will be considerable destruction and that plas- 
tic repair will be needed. 


The tendons most frequently severely in- 
vaded and destroyed are the flexor tendons 
of the little finger; next are those of the index 
finger, and then those of the middle and ring 
fingers. The flexor pollicis longus is somewhat 
more frequently involved than the flexor ten- 
dons to the index finger, but this involvement 
is seldom so severe and in our experience has 
never destroyed this tendon, and plastic re- 
pair has never been required. On the dorsum 
of the hand the extensors of the thumb, es- 
pecially the extensor pollicis longus, are fre- 
quently fragmented, while the common ex- 
tensors though often fragmented are seldom 
actually destroyed. 

In 9 instances other structures in the hand 
besides tendon sheaths and tendons were in- 
vaded. In only 3 instances were bone and 
joint changes found, and in each case we felt 
that this was distinctly secondary to the teno- 
synovitis and not the primary focus. In 1 of 
these the bones and joints of the index finger 
were so extensively invaded that amputation 
of the finger was necessary. In another case 
there was a focus in the lower end of the radius 
which was not curetted and which healed 
completely following excision of the infected 
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Fig. 13. a, Synovial membrane in tuberculous teno- 
synovitis. The sheath is converted into tuberculous granu- 
lation tissue in which tubercles are often though not always 


sheaths and immobilization. In a third case 
the lower end of the ulna and triquetrum were 
destroyed by disease and were removed oper- 
atively. In 6 cases there was invasion of mus- 
cles, once in the forearm with a marked tuber- 
culous myositis, and 5 times in the hand, 3 
times of a lumbrical muscle alone, and twice 
of the adductor pollicis (in 1 of these in asso- 
ciation with lumbrical tendon invasion). In 
I patient there was a tuberculous focus on the 
skin of the forearm near the elbow. In 4 cases 
sinuses had formed, in 3 instances they were 
draining at the time of the operation and in 
2 instances led to some postoperative reaction, 
in neither, however, very severe. 

The median nerve because of its location 
directly on top of the ulnar bursa and its 
presence within the narrow confines of the 
carpal tunnel along with the flexor tendons is 
always more or less involved in tenosynovitis 
of the volar surface of the wrist (Figs. 7 and 
27). It is often flattened out on the surface 
of the infected bursa and may be quite swollen 
and enlarged, but we have never seen it in- 
vaded even in the far advanced cases with 
tendon and bone destruction. The ulnar nerve 
lies in a more protected location and we have 
never seen it involved in any manner. The 
digital nerves, in cases of tenosynovitis of the 
digital sheaths may be embedded in the tu- 


found. b, Tuberculous sheath. Structure of the sheath 
almost entirely replaced by massive infiltration and casea- 
tion. c, Tuberculous giant cells and caseation. 


berculous mass and considerable care may be 
required to dissect them free. 


RICE BODIES 


The contents of the sheath which have at- 
tracted the most attention and considerable 
discussion are the rice bodies. These are small 
ovoid, triangular, or kidney shaped masses 
flattened or facetted with smooth shiny pol- 
ished external surfaces resembling grains of 
rice (Fig. 11). They vary in size from millet 
seeds or tomato seeds up to the size of small 
kidney beans. There may be only a few in the 
sheath, occasionally only one, or there may 
be literally hundreds of them. They are most 
striking in appearance. At times large cake- 
like masses of the same appearance as the 
rice bodies are found or the sheaths may be 
filled with a soft amorphous uniform appear- 
ing grey material which looks like the same 
substance which makes up the rice bodies. 
Not infrequently the bodies are found to hans 
by slender stalks from the wall of the sheatl. 

The method of formation of the rice bodies 
is still the subject of considerable controvers) . 
It has been shown that they may occur in cor- 
ditions other than tuberculosis, e.g., arthriti:, 
syringomyelia, chronic non-specific bursiti:, 
but their presence within a tendon sheat : 
practically always speaks for tuberculosis. 
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The histological picture of a rice body pre- 
sents chiefly granular and poorly defined con- 
centrically lamellated masses of coarse, gran- 
ular, and thread-like fibrinous material (Fig. 
12) or tissue which has undergone coagulation 
necrosis which contains here and there a giant 
cell and occasionally the tubercle bacillus. In 
some instances the rice bodies are very nu- 
clear, composed of round or polygonal cells 
with many large spaces filled with homo- 
geneous material. Tubercle bacilli may fre- 
quently be demonstrated in them. Goldmann 
and Garré showed that these bacilli are ca- 
pable of producing tuberculosis in a guinea- 
pig, if the rice bodies are implanted in the 
peritoneal cavity, provided a sufficient num- 
ber are implanted. 


MICROSCOPIC PATHOLOGY 


The histology of tuberculous tenosynovitis 
is similar to that of tuberculosis of the syno- 
vial membrane of the joints. The sheath is 
thicker than normal (Fig. 13) and in the 
outer part there is usually a considerable in- 
crease in fibrous tissue with increased vascu- 
larity. The vessels of this fibrous layer may 
show perivascular round cell infiltration or a 
tuberculous endarteritis. Lymphocytes in 
considerable abundance are frequently found 
throughout the fibrous layer. Closer in to- 
ward the inner surface of the sheath may be 
found numerous or scanty histological and 
conglomerate tubercles contained in dense 
chronically inflamed fibrous tissue. The sur- 
face of the sheath is usually converted into 
vascular granulation tissue, which resembles 
ordinary granulation tissue except for the 
fact that it frequently contains tubercles. 
Fibrin deposits may be found on the surface 
of the synovial membrane or large and small 
blunt papillae may be given off. These papillz 
may be cellular and vascular or they may be 
necrotic. 

In the more advanced or in the more rapidly 
developing cases larger or smaller areas of 
caseation may occur (Fig. 13) and typical 
tuberculous ulceration may be present on the 
surface of the synovial membrane. 

Similar changes occur in the visceral por- 
tions of the sheath which in advanced cases 
may be converted into ragged and irregular 
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necrotic and granular masses adherent to the 
surface of the tendon. The fibrils are sepa- 
rated by granulations and the tendon may be- 
come converted into a mass of conglomerate 
tubercles (Fig. 14). Once inside the tendon 
the process may infiltrate proximally and dis- 
tally from the site of involvement, leaving the 
outer zone of normal tendon surrounding a 
central necrotic area. 

It is of interest to note that the pathological 
picture may not always show tubercles so 
that a diagnosis of tuberculosis may not be 
made by the pathologist unless the source and 
clinical history of the material is known. The 
tuberculous infection may produce only a 
chronic inflammation which could be due to 
any other infectious agent. In such cases a 
guinea-pig test is necessary to make the 
diagnosis. 


SYMPTOMS AND CLINICAL COURSE 


Tuberculous tenosynovitis is characterized 
by the insidious development of a slowly pro- 
gressive, painless or painful, swelling over the 
anatomical area of the tendon sheath or 
sheaths involved. As the disease develops 
various symptoms occur, some due to the ex- 
tension of the swelling, some to pain, and some 
to destruction of tendons. If long neglected, 
secondary involvement of adjacent structures 
especially bones and joints, and fistule with 
secondary infection, occur. 

The initial symptoms of tuberculous teno- 
synovitis are usually pain and swelling or 
simply swelling over the involved sheaths. 
In fully one-third of the cases, however, sen- 
sory or functional symptoms precede the de- 
velopment of the swelling. Thus in one case 
there was first noted a stiffness in the distal 
interphalangeal joint of the ring finger, fol- 
lowed in several months by similar stiffness 
in the index and little fingers and not until 5 
months later did swelling begin at the wrist. 
In another case the same peculiar stiffness 
was first noted in the little finger on awaken- 
ing in the morning; this was soon followed by 
stiffness in the other fingers, while swelling 
did not appear for a year. In a third case 
stiffness followed an injury and was rather 
early associated with slight swelling which 
did not become marked for nearly 3 years. 
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In another type of case pain or tingling is 
the first symptom. In one such case a sore- 
ness was noted on the volar surface of the 
distal phalanx of the thumb, this was followed 
by the development of a small nodule which 
was picked off and allowed the escape of pus. 
Following this the thumb became swollen. In 
2 cases pain was present for 2 and 3 years, 
respectively, before swelling of any noticeable 
degree was present. In another case, the pain, 
spontaneous as well as on use, started in the 
proximal interphalangeal joint of the middle 
finger, and only sometime later did swelling 
make its appearance. In still another instance 
the initial symptom was a numbness, tingling, 
or needle-like pricking sensation in the middle 
finger. This tingling progressively involved the 
other fingers and only after some time had 
elapsed did swelling occur at the wrist. The 
leathery crepitus which is so typical of trau- 
matic tenosynovitis may occasionally appear 
at the onset. However, we have never noticed 
it in any of our patients. This leathery crepitus 
must not be confused with the grating or 
shot-like crepitus which appears late in the 
disease which is due to the presence of rice 
bodies. 

The swelling may appear as a sudden 
cedema of the hand which very often quickly 
subsides under rest and heat, only to recur 
at some later time and to be gradually re- 
placed by the more tense permanent swelling 
over the anatomical areas of sheaths involved. 
The swelling most often makes its appearance 
at the wrist and as it enlarges proceeds 
distally into the palm, and later into the 
digital sheaths of the thumb and little fingers. 
If the digital sheath of the index, middle, or 
ring finger is affected, the swelling first ap- 
pears over the proximal phalanx and later, as 
the cul-de-sac becomes distended, progresses 
proximally into the palm over the metacarpo- 
phalangeal joint. In cases of long standing 
the process extends beyond the border of the 
sheaths and becomes manifest as globular 
swellings in the various fascial spaces of the 
hand or forearm. The thenar space and the 
subfascial spaces over the thenar area may 
be distended so that a picture resembling 
thenar space abscess is produced (Fig. 10). 
In the same manner the middle palmar space 


may be invaded and a tense globular swelling 
may project from the palm of the hand (Fig. 
9). More often the fascial spaces in the fore- 
arm are invaded, thus producing swelling 
above the wrist well beyond the outlines of 
the proximal ends of the radial or ulnar bursz. 

The pain in tuberculous tenosynovitis while 
present to some degree in all but a few pa- 
tients is seldom severe. When it is severe it is 
described as a burning or throbbing ache, 
often radiating upward over the forearm, 
made worse on use of the hand. In such cases 
the pain is worse at night and the patient is 
often awakened by it at two or three o’clock 
in the morning. The pain may respond at these 
times to the application of heat or cold. For 
some reason or other the pain does not tend 
to persist as a prominent symptom throughout 
the course of the disease. It may become more 
and more severe during a period of 1 to 2 years 
and then subside or even entirely disappear. 
The fact that a similar subsidence of pain may 
follow incomplete operations or even aspira- 
tion suggests that this peculiarity is due to 
tension within the bursa which is relieved 
either by rupture of the bursa or by mechan- 
ical drainage. 

Another characteristic of the sensory dis- 
turbance is its frequent reference either as 
actual pain or as burning, tingling, or numb- 
ness over the peripheral distribution of the 
median and less often ulnar nerves. Such ref- 
erence is to be explained by the almost con- 
stant involvement of the median nerve and 
less frequent of the ulnar nerve in the patho- 
logical process. The radiating pains may pass 
down into the fingers, or upward over the 
forearm to the elbow. These also may grad- 
ually subside as the disease progresses, a fact 
which is somewhat difficult to explain when 
at operation we find the nerve swollen and 
engorged. 

As the disease progresses various functional 
disturbances make their appearance. These 
may vary from slight or no disability in the 
early case to actual loss of various movements 
due to tendon destruction or to the inter- 
ference with motion by the actual size of the 
swelling which may prevent complete closure 
of the fingers, adduction of the thumb, or 
flexion and extension of the wrist. Pain on 
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motion may lead to limitation of use. In a 
few instances the patient recognizes the actual 
time at which a tendon has divided and may 
remark that he felt something snap and that 
aiterward a certain movement was absent. A 
complaint which patients frequently make is 
the inability to make a fist or completely close 
or extend the fingers. This may be the earliest 
functional disturbance and one which fre- 
quently persists for months after removal of 
the infected sheath. 


EXAMINATION 


Examination of the hand shows a swelling 
or enlargement over the course of the in- 
volved sheaths (Figs. 1, 2, 3, 4, 5). In the 
case of the volar sheaths there is frequently a 
fusiform or spindle shaped swelling of the 
wrist which is divided into two fairly distinct 
portions, a proximal and a distal, by the 
transverse carpal ligament. This constriction 
may be visible and is practically always pal- 
pable. The communication of the two loculi 
can be made out by pressure on one and pal- 
pation of the other when the tension will be 
found to increase as presure is exerted. The 
palmar swelling may be more marked than 
that in the forearm (Fig. 9) and may occupy 
the center of the palm and show no demon- 
strable connection with the forearm enlarge- 
ment. Such a tumor mass, often cystic in its 
consistency, may indicate middle palmar space 
invasion. The swelling may appear perfectly 
regular and smooth in outline, or it may ap- 
pear irregular and lobulated as if made up of 
a number of separate masses, or of one mass 
of varying consistency and composition. 

The swelling in the base of the palm, in- 
dicative of ulnar bursa infection, may be di- 
rectly continuous with swelling of the fifth 
finger (Fig. 4), or as is not infrequently the 
case there may be no external evidence of 
involvement of the digital sheath, even though 
it is found invaded at subsequent operation. 
Similarly the thumb may be markedly swollen 
along its volar surface with disease of the 
radial bursa (Fig. 5). 

With tuberculosis of the sheaths of the 
index, middle, and ring fingers there is pro- 
duced a sausage-shaped or fusiform enlarge- 
ment which may lead to confusion with spina 
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ventosa (Fig. 2). However, examination will 
show the definite localization of the involve- 
ment to the volar surface of the finger and the 
prolongation into the palm to the limits of the 
sheath. 

The dorsal swellings tend to be more ir- 
regular and to be made up of several distinct 
tumors which correspond to the numerous 
separate sheaths which may be involved here 
(Fig. 3). Thus several tumors may be felt as 
elongated masses which cause, as in the case 
of volar disease, a fusiform swelling of the 
wrist with a poorly marked constriction at the 
center. The swellings on the dorsum may pro- 
duce localized globular masses, often attain- 
ing the size of a hen’s egg or lemon (Fig. 15). 
The distal limit of the masses corresponds to 
the limits of the dorsal sheaths, i.e., about the 
middle of the metacarpus, while they extend 
proximally 1 to 2 inches above the dorsal 
carpal ligament. 

The swellings may vary considerably in 
consistency. Some are hard, firm, and tense, 
others are soft, boggy, and doughy, while still 
others are fluctuant or semifluctuant. The 
consistency may vary considerably within the 
same tumor, some areas may be quite hard, 
others soft or fluctuant, or even cystic. 

Crepitus or grating is nearly always demon- 
strable when the rice bodies are present. They 
give the sensation of shot being moved back 
and forth in a closed sac. The patient will 
usually have noted this himself. In the very 
early stages the leathery crepitus of teno- 
synovitis may be noted but this is rarely 
found by the surgeon. 

Usually the skin is uninvolved, it may be 
slightly reddened or if considerable tension, 
particularly with middle palmar space in- 
vasion, it may be white and tense. There is no 
increase in local heat and no tendency for the 
skin to become attached to the underlying 
mass. In the later stages of the disease with 
cold abscess formation, fistula and secondary 
infection lead to the typical changes (Fig. 23). 

Tenderness is not a marked characteristic 
though in a few instances we have noted some, 
and in one, considerable tenderness. While 
motion of the wrist may cause pain, pressure 
applied over the mass does not necessarily 
do so. 
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PROGNOSIS 


No case should be allowed to progress to 
the stage at which severe secondary infection 
jeopardizes the patient’s life. In a certain 
number of cases recurrence will take place 
despite careful operative excision of the dis- 
eased sheaths. Some will require several oper- 
ations, either because of incomplete removal 
or because of involvement of tissue which at 
the initial procedure does not seem to be 
diseased. 

Of the 23 cases of histologically proved 
tuberculous tenosynovitis treated by us 2 
have succumbed to tuberculosis. One died of 
laryngeal tuberculosis 12 years after the initial 
operation or 14 years after the onset of the 
tenosynovitis. The other patient had an ac- 
tive pulmonary tuberculosis at the time of 
operation (under local anesthesia), went to 
Colorado immediately afterward for treat- 
ment, and succumbed some 6 years after oper- 
ation and 6% years after the development of 
the tenosynovitis. (A third patient succumbed 
to a “heart attack” 2 months after operation.) 
So far as we have been able to ascertain the 
two patients mentioned have been the only 
ones who have died from tuberculosis. 

Most of the patients had had some attempts 
at treatment before we saw them. This con- 
sisted in most cases of the application of a 
plaster cast or some other type of immobilizing 
apparatus for a variable period of time, usual- 
ly on an empiric basis since in very few in- 
stances had the correct diagnosis been made. 
In a few instances hot dressings were applied 
to control pain, in some various salves and 
ointments were prescribed for local use, and 
in others ultraviolet therapy was instituted. 
In none of these cases was there anything 
more than temporary alleviation from symp- 
toms and in this connection the following his- 
tory is of considerable interest. 


Mrs. M. B. (P.M.H. No. 12249) entered Passavant 
Memorial Hospital, November 16, 1932, complain- 
ing of stiffness and soreness of the right hand, diffi- 
culty in closing the fingers of the hand, swelling 
above the wrist and in the palm, and a grating sen- 
sation upon movement of the fingers. The trouble 
dated back to February, 1928, about 5 years pre- 
viously, and was thought by the patient to have 
followed a slight trauma sustained on the dorsum of 
the hand while she was cleaning a wash-bowl. The 
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injury was not especially painful but, on the day 
following, the index and little fingers became stiif 
and swollen. She consulted a physician who gave 
the hand a vibratory treatment and asked her to 
return in 3 days, at which time there was swelling 
over the knuckles and in the distal portion of the 
palm. She continued treatments for some 6 months 
during which time the hand grew steadily worse. 
Infra-red light, ultraviolet light, X-ray, diathermy, 
and vibration were all tried and finally the hand 
was immobilized by bandaging, after which it be- 
came very stiff. By the end of the 6 months the 
swelling had extended into the base of the palm 
where the patient said she thought she could feel 
liquid. For the next 6 months she took osteopathic 
treatments, which she felt made the condition worse, 
so she consulted another physician who made a 
diagnosis of traumatic neuritis and later changed it 
to arthritis. She was given autohemotherapy twice 
a week for a considerable period of time, with no 
results. She then took a course of treatments with 
another osteopath, and gave up after 4 months with 
no improvement. Another physician was seen who 
painted the arm and hand with tincture of iodine 
and wrapped it with copper wire. This was left on 
for 2 weeks with no change in the swelling. During 
the next 2 years she consulted numerous other doc- 
tors and osteopaths. X-ray pictures were made and 
all sorts of treatments attempted. Sometime in the 
spring of 1931 a grating was felt on flexion of the 
index and little fingers. Just how this was inter- 
preted we do not know, possibly as a Charcot joint, 
for about this time she was told the trouble was of 
nervous nature and was advised to consult a nerve 
specialist about it. Another physician at this time 
told her the wrist was fractured and would require 
fracturing over and resetting. Nothing further was 
done until the spring of 1932 when the patient in 
desperation took a course of Vitanoid treatments. 
These consisted of wrapping a rubber tire about the 
body five times daily and placing the hand on the 
tire. She kept this up for 3 weeks without result. 
In October, 1932, she consulted a doctor who gave 
her a complete examination and made an X-ray 
examination of the chest. This physician thought 
the trouble was tuberculosis and suggested oper- 
ative treatment. After further consultation an oper- 
ation was decided upon. At operation an advanced 
tuberculous tenosynovitis of the radial and ulnar 
bursa and the digital sheath of the index finger was 
found, with many rice bodies, some very large (Fig. 
11),and with considerable fragmentation, though not 
complete destruction of tendons. 


In 3 patients the swelling was aspirated 
elsewhere one or more times, with some relief 
from the pain, but almost immediate recur- 
rence of the swelling. In one case the aspira- 
tion treatment was followed by sinus forma- 
tion and the discharge of rice bodies from the 
wound (Fig. 16). 
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In 7 patients operation had been performed 
previous to the time we saw them. In 5 of 
these patients the procedure was fairly ex- 
tensive and was repeated once in 1 patient 
and twice in another. In the 2 other patients 
very minor procedures were attempted, in 1 
merely incision, in the other a small bit of 
tissue was excised. 

Of the 23 cases 6 required two or more ex- 
tensive operations before the process could be 
eradicated. 


1. In 1 case a thorough excision of the radial and 
ulnar burse was followed in 6 years by a tuberculous 
tenosynovitis of the digital sheath of the index finger. 
This was excised but recurred again in 4 months with 
such bone involvement that amputation of the finger 
was thought advisable. It is doubtful if this sheath 
was involved at the time of the initial operation. 

2. In another case (Rutt) a thorough excision of 
the radial and ulnar burs was followed in 3 months 
by infection in the digital sheath of the ring finger. 
This sheath was excised and 2 years later there was 
no recurrence. In this case the digital sheath was 
probably already infected at time of the first oper- 
ation, but was not recognized. 

3. J. M. (W. r1rorgs, P.M.H. 880) was operated 
upon for a tenosynovitis of the right middle finger. 
This recurred some 5 years later and a second ex- 
cision was performed. 

4. P. (W. 119234, 121125) was operated upon for 
an extensive tuberculous tenosynovitis of the radial 
and ulnar burse. Four months after the operation 
he returned with a similar process on the dorsum 
of the same hand which was also removed. Ten 
months later a cold abscess over the head of the 
ulna was opened and curetted. 

5. M. (W.M.H. 134939, 137599, P.M.H. 708, 
Figs. 30 and 31) presents an interesting history in 
that three attempts were made to treat the patient 
operatively previous to our operations; and we were 
required to perform three further operations before 
the process was completely eradicated. In the first 
of our operations the common extensor sheaths 
were excised. Six months later a recurrent infection 
about the extensors of the thumb was found and 
removed, Eighteen months after the second oper- 
ation there was another recurrence about the ex- 
tensors of the thumb with complete destruction of 
both the long and short extensors. The long extensor 
was replaced by a tendon graft. There has been no 
recurrence of the process 4 years after this last 
operation. 

6. W. (W.M.H. 142434, 144308). In this patient 
an extensive tuberculosis of the radial and ulnar 
burse and of the common digital sheath of the 
index finger was excised (Fig. 1). Four months later 
she returned with a recurrence above the wrist. 
This was found to have invaded the muscles of the 
forearm. 
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Recurrences have occurred in 5 other in- 
stances but re-operation was not performed 
in any. In 1 case an advancing pulmonary in- 
fection made operative interference inadvis- 
able. In another a sinus with secondary 
infection developed. This was treated con- 
servatively with plaster cast and sunlight for 
9 months. The process subsided and a re- 
examination 12 years after operation showed 
a perfectly functioning hand (Fig. 17). In 
3 other cases, recurrences have taken place 
3 months, 20 months, and 16 months, re- 
spectively, after extensive operation. These 
patients have been advised to have another 
operative excision. 

That lasting cure may be obtained over a 
long period of years by proper treatment is 
attested by a number of our cases of which 
those illustrated in Figures 16, 17, 18, 19, and 
20 are examples. 

Of the 23 cases, postoperative information 
is entirely lacking on 5. Of the 18 remaining, 
13, Or Over 72 per cent, have remained free of 
recurrence for periods varying from 2 months 
to 12 years after operation: 


M. W.M.H. 89205—2 months; S. W.M.H. 113373 
— 3 months; G. W.M.H. 130029—1 year, 7 months; 
R. W.M.H. ‘92841 and 94523—2 years; T. P.M.H. 
6777—2 years, 4 months; S. P.M.H. 6102—2 years, 
6 months; P. P.M.H. 5781—2 years, 7 months; M. 
W.M.H. 134939, 137599, and P.M.H. 708—4 years; 
O. W.M.H. 46977, 86102, 88771—6 years; G. W.M. 
H. 124880—7 years; C. W.M.H. 86002, 7 years, 3 
months; M. W.M.H. 117167—7 years, ro months; S. 
W.M.H. 94649—12 years. 


Of the 5 remaining cases, 2 patients have died, 
one 6 years after operation of pulmonary tu- 
berculosis and with recurrence of the teno- 
synovitis, the other 2 months after operation 
of acute cardiac failure. The 3 others have re- 
currences for which further operative treat- 
ment has been advised. 


DIAGNOSIS 


The differential diagnosis is usually not dif- 
ficult. Gonorrhea may rarely be confused. 
This, however, is always metastatic, is pre- 
ceded by the primary infection (usually ure- 
thral) by some 3 weeks to 3 months and the 
onset is likely to be more acute, though it may 
rarely resemble tuberculosis. The extensor 
sheaths are more likely to be involved than 
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the flexor, the condition is likely to be much 
more painful than tuberculosis, and is followed 
more quickly by marked functional loss. 

Syphilitic tenosynovitis is very rare, may 
produce an almost identical clinical picture 
with tuberculosis, and even on a pathological 
basis may be almost impossible to differen- 
tiate. It is more likely to be bilateral, is 
practically always painless, and produces no, 
or few, functional troubles. Two types have 
been described, an acute or subacute type, 
occurring during the early secondary stage, 
and a chronic or gummatous type in the ter- 
tiary stage. The acute type is manifested by 
painful swellings over the tendon sheaths, 
with some redness of the skin, slight or oc- 
casionally marked functional disturbance, and 
occasionally crepitation. In some cases a 
luetic hygroma occurs with slight pain and 
few symptoms of inflammation. The gum- 
matous type has been especially well described 
by Schuchardt. It is this type which is more 
likely to be confused with tuberculous teno- 
synovitis. In Schuchardt’s case there were 
numerous, slowly developing, rounded, and 
flattish spindle shaped nodules on the dorsum 
of the hand, which broke down, producing 
granulating ulcers with overhanging borders 
through which pus and caseous masses were 
discharged. The presence of associated luetic 
findings and of bone and periosteal changes 
with a positive Wassermann reaction and a 
response to specific therapy should assist in 
making the diagnosis. 

The common dorsal ganglion must occasion- 
ally come into consideration. This usually 
occurs as a tense globoid fluctuant mass over 
the dorsum of the wrist, most often on the 
radial side, and seldom is larger than a hazel 
nut. The surface is smooth, it is not attached 
to the skin or tendons and produces slight 
functional disturbance and pain. Early tuber- 
culous tenosynovitis (Fig. 15) may be mis- 
taken for a ganglion and serious mistakes 
made in the treatment. 

Other conditions which may simulate tu- 
berculosis are xanthoma of the wrist of which 
we have seen 2 cases. In 1 the carpal bones 
were involved, in the other the tendon sheaths. 
The differential diagnosis is difficult, but since 
the treatment for the two conditions is the 
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same the difficulty is not without its com- 
pensations. The xanthomata tend to be more 
fibrous and harder than the tuberculous dis- 
ease and do not produce rice bodies. 

Arborescent lipoma of the tendon sheaths is 
very rare but may produce almost the iden- 
tical findings as tuberculous tenosynovitis. 
However, the functional disturbances and 
pain are less and the tumor grows more slowly. 
It is said that these fatty tumors become quite 
hard when exposed to cold (Straus). 

Vascular tumors, especially the plexiform 
types of angiomata, may cause diffuse swell- 
ings at the wrist, but the subcutaneous vessels 
are usually enlarged and the tumor increases 
in size when the hand is dependent or when 
the venous return is interfered with. 

Carcinoma would rarely lead to confusion 
except in a late ulcerative stage associated 
with marked inflammatory swelling when a 
secondarily infected tuberculous tenosyno- 
vitis may rarely be simulated. 

Bony and cartilaginous tumors of the hand 
would seldom lead to confusion and would be 
definitely diagnosed by the X-ray. 

Chronic non-specific tenosynovitis. There are 
a certain number of cases (6 in this series) of 
chronic tenosynovitis which behave clinically 
like tuberculous tenosynovitis, but which can- 
not be proved to be such. Many of these with- 
out careful laboratory study would be diag- 
nosed tuberculosis. It is not improbable that 
a certain number of cases diagnosed as ‘“‘rheu- 
matic” tenosynovitis are in reality a specific 
infection. The 3 following cases are briefly 
described because they are indistinguishable 
clinically from the tuberculous type and are 
illustrative of the 6 personal cases. 


G. K., P.M.H. 1647 (January 25, 1930-January 
30, 1930). A manufacturer, 50 years of age, entered 
the hospital because of a swelling on the dorsum of 
the right hand, first noted one morning on arising, 
about 3 months previously. There was no history of 
preceding trauma or infection and the swelling was 
not associated with any untoward symptoms, nor 
was movement or function in any way impaired. 
There was no history of tuberculosis in the family and 
except for occasional “winter cough” the patient 
gave no history suggestive of pulmonary tubercu- 
losis. Since, however, there was some impaired 
resonance of the apices, a roentgen examination was 
made of the chest which revealed old healed apical 
infection on both sides. 
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On the dorsum of the right hand there was seen 
a flattened egg-sized mass which extended from the 
dorsal carpal ligament distally to about the middle 
of the metacarpus and laterally from the second to 
the fourth metacarpal bones (Fig. 21). In the middle 
dorsal area of the forearm just above the dorsal 
carpal ligament was a soft, fluctuant area about 2 
centimeters in diameter and raised about one-half 
centimeter above the skin level. These swellings had 
remained the same since onset. 

At operation January 2, 1930, under local anzs- 
thesia, a middle dorsal incision was made from one- 
half inch above the metacarpophalangeal joints to 
2.5 inches above the wrist exposing the tumor under 
the subcutaneous tissues and the dorsal carpal liga- 
ment. On opening the tumor yellowish, gelatinous 
fluid poured out, and within the tumor in its most 
prominent portion was a free, flat, hyaline-like mass, 
likened to the early stage of rice body formation. 
The tendons of the extensor digitorum communis 
ran through the tumor surrounded by the gelatinous 
tissue and a reddish-purple granulation tissue. The 
extensor indicis proprius was involved, the extensors 
of the thumb and the extensors of the wrist were 
apparantly not involved. The tumor and granula- 
tion tissue were carefully excised. The dorsal carpal 
ligament was also excised where it overlay the tumor 
mass. A narrow band of ligament was reconstructed 
with the aid of healthy looking tissue at the radial 
side. None of the tendons were frayed or fragmented 
though the diseased tissue was intimately attached 
in places to the substance of the tendons. The patho- 
logical report on the tissue removed stated: “the 
lining of the tendon sheath is composed of granula- 
tion tissue. Some of the material is composed of 
fused fibrin and necrotic material with areas of in- 
filtration with polymorphonuclear leucocytes and of 
fibroblasts indicating beginning organization. There 
is no evidence of tuberculosis. Diagnosis: acute and 
chronic inflammation.” 

The postoperative course was uneventful and the 
wound healed by first intention. A letter November 
17, 1932 (nearly 3 years later), stated that the hand 
was in perfect condition. 

S.S., P.M.H., 2647 (May 9, 1930-May 15, 1930). 
A student of 17 years entered the hospital because 
of a painful swelling over the right wrist and distal 
end of the radius. The onset dated back 3 years when 
she noticed a small swelling of the right wrist over 
the extensor tendon of the middle finger. The swell- 
ing was painless at the onset and gradually increased 
in size. About 6 months after the onset she noticed 
that when she held her hand in one position for a 
long time, pain was felt in the swelling, which by 
this time had attained the size of a half marble. 
Shortly after this the swelling began to cause her 
considerable discomfort and she consulted a surgeon 
who removed it. Soon after this operation the 
swelling recurred and has continued to increase in 
size until the time of admission. Six months before 
admission the tumor again became persistently pain- 
ful. There was no history of respiratory disease nor 
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were there any pulmonary or other findings sugges- 
tive of tuberculosis. 

At examination there was found on the dorsum of 
the right hand, just distal to the carpus and over the 
extensor tendon of the middle finger, a soft, fluctuant, 
half-marble sized non-tender mass (Fig. 22, a, b,c). 
Just proximal to the wrist and in a direct line with 
the distal mass was a second, soft, fluctuant, but 
more diffuse swelling. 

Operation May 10, 1930, revealed what appeared 
to be tuberculous granulation tissue surrounding the 
extensor tendons, some thick straw-colored encysted 
fluid in some of the sheaths, one rice body, and a 
slight beginning fragmentation. The granulomatous 
and scar tissues were carefully excised from around 
the tendons. The dorsal carpal ligament was sutured 
and the wound closed without drainage. The patho- 
logical report on this tissue stated that the inner 
surface of the tendon sheath was thrown into numer- 
ous villous processes containing areas of myxomatous 
degeneration and of infiltration with lymphocytes 
and plasma cells. No tubercles were seen and the 
diagnosis was a simple chronic tenosynovitis. 

The operative wound healed nicely and the patient 
was discharged with the hand in a cock up splint to 
return for physiotherapy. The patient was again 
seen December 5, 1932, about 31 months following 
operation. She stated that she had perfect function 
of the hand, could play the piano, and that all 
movements were normal except for a slight tendency 
to extension of the index finger when she made a fist. 
There was no evidence on examination of any recur- 
rence of the trouble (Fig. 22, d, e, f). 

L. K., P.M.H., 9673 (March 6, 1932-March 13, 
1932). A woman, aged 43, entered the hospital with 
the history that about 414 years previously she had 
noted a swelling over the palmar surface of the 
proximal phalanx of the right ring finger. There 
were no signs of inflammation in the mass which 
slowly but progressively enlarged until it extended 
over the metacarpophalangeal joint into the palm. 
About a year later she consulted a physician who 
excised the portion of the swelling overlying the 
metacarpophalangeal joint and informed her that a 
cyst had been found. Since the operation the swell- 
ing has gradually increased until it covered the 
middle and proximal phalanges and the metacarpo- 
phalangeal joint. Although there has been progres- 
sive loss of function of the finger, there was no pain 
until 6 weeks previous to hospital admission when 
an aching pain developed over the medial side of 
the forearm and elbow. There was no history of any 
pulmonary disease in the family, and examination 
revealed none in the patient. 

Examination of the hand (Fig. 23, a, b, c) showed 
a marked swelling of the middle and proximal pha- 
langes of the ring finger, which gave the appearance 
of a spina ventosa. There was seen a 2 inch scar over 
the metacarpophalangeal joint and fluctuation could 
be detected on palpation over this area. There was 
marked disability of the finger in that there was but 
20 degrees of flexion in the metacarpophalangeal 
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joint, 30 degress in the proximal interphalangeal 
joint which could be extended to 120 degrees, and 
no active flexion in the distal interphalangeal joint 
which was held in complete extension. 

On March 7, 1932, under ethylene anesthesia the 
old operative scar was excised and the incision en- 
larged so as to extend from the distal flexion crease 
of the finger proximalward into the palm to the 
transverse carpal ligament. Beneath the skin was 
a soft, bluish mass which looked like tortuous veins, 
but, upon cutting into it, it was found to be made up 
of soft grayish granulomatous tissue which involved 
the flexor tendons from the insertion upward to 
the wrist. This material also surrounded the tendons 
of the fifth finger and this sheath was therefore ex- 
posed in the finger and in the palm. The granulations 
were very difficult to remove from the tendons of the 
ring finger and it was necessary to excise the sublimis 
tendon. The little finger tendons were more easily 
freed. After all diseased tissue had been removed, 
bits of tendon were sewed over the proximal pha- 
langes of the ring and little fingers to serve as 
transverse digital ligaments and the incision closed. 

Microscopic examination of the excised tissue 
showed it to be made up of yellow lobulated masses 
of typical granulation tissue. No tubercles were 
seen. 

Healing occurred promptly and the patient was 
discharged to return for dressings. 

The patient returned April 9, 1933, because of 
extension of the process into the palm and wrist. 
She had noted a gradually increasing tumefaction 
just over and above the wrist which in the past 4 
months had become more painful. There was no 
recurrence of the process in the ring and little fingers, 
though these fingers were still quite stiff especially 
in the interphalangeal joints (Fig. 23). 

At operation (May 10, 1930, ethylene anesthesia) 
a watery seropurulent fluid was found in the sheaths 
in the forearm and the sheaths themselves seemed 
more gelatinous and less fibrous than normal. The 
tendons of the little finger were intact but were 
bound down by fibrous adhesions, as were also the 
flexor tendons of the index and middle fingers though 
less so. The flexor pollicis longus was intact and its 
sheath was not involved. All of the diseased tissue 
was excised. The patient made an uneventful re- 
covery and was discharged from the hospital on the 
fifth day. 

Microscopic sections showed dense, fibrous, rather 
highly vascular tissue with an abscess in one place 
surrounded by granulation tissue. There were no 
tubercles. A guinea-pig inoculation test made from 
the synovial exudate was negative for tuberculosis. 


The 6 cases, of which the 3 just summarized 
are good examples, presented all the clinical 
characteristics of tuberculosis with the ex- 
ception that in no case was there a history of 
trauma. Four of the patients were females 
(17, 41, 43, and 43 years of age, respectively) 
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and 2 were males (50, 52 years of age); 4 had 
involvement of right hand and 2 of left; in 3 
the volar sheaths and in 3 the dorsal sheaths. 
In 2 patients the condition was very early 
(both dorsal) and involved the sheath of the 
common extensors of the fingers and there 
was no extension into the sheath of the thumb 
tendons. In 3 cases the tendons were badly 
involved, so much in one instance that it was 
necessary to replace the flexor digitorum pro- 
fundus to the middle finger with a tendon 
graft (Figs. 35, 36). In 5 cases rice bodies 
were present, once in very large numbers, in 
the others very few, in 1 case (Figs. 24, 25) 
as a large conglomerate mass measuring 8 by 
20 by 40 millimeters. Pain was a prominent 
symptom in 2 instances and was the imme- 
diate reason for seeking operation, while in 
only 1 case was pain absent. In 1 case there 
was a recurrence and a second operation was 
necessary. 

These cases are especially difficult to evalu- 
ate correctly. Even in proved instances of 
tuberculous tenosynovitis the histological pic- 
ture may not be conclusive unless many sec- 
tions are made and the correct areas chosen 
for examination. The guinea-pig test may even 
occasionally be negative in instances later 
proved to be tuberculosis by histological sec- 
tion. Since the non-specific group do not 
present any clinical or gross pathological fea- 
tures which distinguish it from tuberculosis 
we are inclined to believe a good proportion 
are in reality tuberculous, while the others 
belong to the same group of chronic inflam- 
mations as does the chronic bursitis. 


TREATMENT 


Tuberculosis of the tendon sheaths, if unaccom- 
panied by active lesions elsewhere, is probably one 
of the least difficult of tuberculous processes in which 
to obtain complete cure. This may be secured either 
by conservative treatment such as removal of the 
melon seeds, injection of iodoform emulsion, and 
immobilization by splinting for a considerable pe- 
riod, or by complete surgical removal. The former 
method requires considerable time for its applica- 
tion, with consequent loss of use of the hand. As a 
result of prolonged immobilization, atrophy and 
contractures of the muscles take place, fibrous ad- 
hesions form about the joints, and these conditions 
are accentuated by the temporary loss of nerve 
function and by the involvement of the nerves in 
the pathological process itself. These results, how- 
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Fig. 14. a, Cross section of tendon removed because of tuberculous infiltration. 
The sheath is obliterated and much of the tendon has been replaced by numerous 
confluent tubercles. b, Longitudinal section through a tendon showing central inva- 


sion by the tuberculous process. 


e er, are usually transitory, and function is restored 
sume weeks or months after removal of the splints. 
Ii may be advisable to combine active surgical inter- 
vention and immobilization in advanced cases, if 
the bones and joints are involved in the process.' 


In Dr. Kanavel’s paper there are reports of 
3 patients treated by the conservative meth- 
ods. Experience, however, early led him to 
abandon these procedures for radical excision, 
and in all the cases herewith reported surgery 
has been the method of treatment. In early 
stages or in those patients in whom the diag- 
nosis may not be certain conservative therapy 
may be tried; however, in view of the tendon 
invasion which may occur it is not advisable 
to persist long with conservative measures 
unless improvement is apparent. 

We have had no experience with roentgen- 
therapy in this condition. Good results have 
been reported by a numberof capable men, not- 
able among whom are Wetterer (1920), Moll 
(1920), Iselin (1920), and Juengling (1922). 
The treatment, however, extends over a con- 

‘Kanavel, Surg., Gynec. & Obst. 1923, xxxvii, 635-647. 


siderable period of time and we do not feel the 
results are as good as those obtained by ade- 
quate operative removal of the diseased 
sheaths. 

SURGICAL TREATMENT 

The operation may be performed under local 
or general anesthesia. Although in the earlier 
cases local anesthesia was used almost ex- 
clusively, we have come more and more to the 
use of general anesthesia. This has been done 
mainly for two reasons; the operation is long 
and tedious and outlasts both the duration of 
the anesthetic and the endurance of the pa- 
tient and secondly because the blood pressure 
apparatus which we use to maintain hemo- 
stasis becomes almost unbearable after 40 to 
50 minutes. 

A bloodless field is secured by maintaining 
constriction with a blood pressure apparatus 
at about 220 to 230 millimeters of mercury. 
This pressure we have found can be main- 
tained for as long as 90 minutes (in rare in- 
stances 2'4 hours) without producing nerve 
injury. At the end of go minutes it is well to 
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Fig. 15. Tuberculous tenosynovitis of dorsum of wrist, 
its globoid shape and tense consistency might easily lead to 
its being mistaken for ganglion. 


release the pressure and care for all bleeding 
points, after which the cuff may be inflated 
again and the operation completed. It is 
wise at the close of the operation to let the 
pressure down, ligate bleeding points, and re- 
inflate the cuff before closure of the wound. 
A snug pressure dressing with a large amount 
of fluffed-up gauze should be applied before 
the pressure is finally released. In this way 
we insure a dry operative field and prevent 
postoperative oozing. 

In the earlier cases the dissection was sup- 
plemented by splint immobilization for vary- 
ing lengths of time. This period has been 
gradually shortened until now immobilization 
is not considered necessary except in those pa- 
tients who may be suffering from a complica- 
tion of the disease, such as bone or joint in- 
volvement or in whom tendon grafting or 
suture has been performed. 

The incisions should be planned so as to 
avoid midline scars over the volar surfaces of 
the digits and to avoid transverse division of 
skin creases. It is wise also to plan the in- 
cision as much as possible in such a way as 
to raise flaps of skin which upon being re- 
placed fall back over the denuded tendons, 
with the line of skin closure lying to one side. 

Adequate exposure of the radial and ulnar 
burse with their digital prolongations into 
the thumb and little finger, respectively, re- 
quires two or three incisions. The main incision 
is a long one made in the palm, wrist, and fore- 
arm and exposes the whole of the ulnar bursa 
in the palm and above the wrist and the radial 


burs above the wrist (Fig. 26, a). This ii - 
cision begins distally at the distal palmer 
crease and passes proximalward along th» 
radial side of the hypothenar eminence to th: 
midline of the wrist. At the wrist the incisio 1 
curves ulnarward so as to cross the wrist 
transversely in the proximal skin crease an | 
then passes up the forearm for about 3 inchcs 
curving gently toward the midline. The digit: | 
sheath of the fifth finger may then be expose | 
by an incision on the ulnar side of the finger 
which passes proximalward to the region cf 
the metacarpophalangeal joint and _ thea 
turns radialward for a short distance into the 
palm along the distal flexion crease. The 
sheath of the flexor longus pollicis is exposed 
by a third incision, along the radial side of 
the thenar eminence and thumb. In the prox- 
imal end of this incision, great care must be 
taken to avoid injury to the motor branch of 
the median nerve to the thenar muscles. The 
forearm and palmar incision may be varied 
(Fig. 26, b) by uncovering the radial bursa with 
one long incision starting on the ulnar side 
of the distal phalanx of the thumb, along the 
ulnar border of the thenar eminence, and then 
transversely across the wrist and longitudi- 
nally upward on the forearm. This incision is 
particularly of value in instances in which the 
radial bursa presents the most marked in- 
volvement. However, in any case it is essen- 
tial to expose the entire extent of both major 
burs even if inspection at the wrist does not 
indicate the involvement of the digital pro- 
longation of either bursa. 

The incisions are carried down through the 
deep fascia and transverse carpal ligament 
where the involved sheaths will be found to 
bulge into the field (Fig. 27). The median 
nerve, swollen and compressed on top of the 
ulnar bursa, is carefully isolated, wrapped in 
sponges saturated in normal salt solution, an« 
carefully retracted before the diseased tissu: 
is touched. The superficial palmar arch lies 
across the surface of the bursa and it may b> 
ligated and divided in order to obtain goo! 
exposure. 

After a good exposure has been obtaine | 
the diseased tissue is excised, first from th: 
tendons and then from the attachments t» 
the surrounding tissues. The sheath is opene | 
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b. 


ig. 16. Tuberculous tenosynovitis of radial and ulnar 
se with sinus formation following aspiration. a, b, c, 
: condition of the hand before operation. At operation 
entire extent of both radial and ulnar burs was found 
ye invaded, with destruction of parts of the sublimis 
ion of the little finger and invasion of the adductor pol- 

and first lumbrical muscle. d, e, f, g, The hand 5 
aths after operation. There is still some drainage from 
sinus on the thumb. The sinus continued to drain for 
ionths after operation and then ceased. h, i, j, Hand 2 
rs 7 months after operation, sinus closed for 2 years, 
‘ling subsided, patient has good functional use of hand. 


igitudinally and each tendon lifted up in 
rn and the visceral layer of the sheath dis- 
- cted free from it (Fig. 28). This will leave 
e parietal layers of the sheath and the meso- 


‘non and thereto attached visceral sheaths 
fastened only to the fascia and muscles be- 
neath. After all the tendons have been freed 
o! diseased tissue the infected sheaths may be 
removed as one or two large masses. In ex- 
cising this mass from the surrounding tissues 
it may be necessary to remove bits of deep 
fascia and muscles in order to remove all 
tuberculous tissue. When the dissection is 
completed the median nerve and the flexor 
tendons lie bare within the forearm, carpal 
tunnel, and palm. While within the forearm 
and palm there is a moderate amount of fatty 
subcutaneous tissue over the tendons, within 
the carpal tunnel the tendons are surrounded 
over fully three-fourths of their circumference 
by bony and dense fibrous walls. These ten- 
dons, however, develop new sheaths within 
which they glide easily, a fact attested both 
by functional results obtained and by observa- 
tion in cases requiring second operations. In 
such cases the tendons, which have remained 
free of recurrence, are surrounded by gray 
fibrous tissue through which they glide easily. 


). 

The tendons themselves frequently show 
invasion and it is necessary to excise the 
diseased portions (Fig. 29). If the invasion is 
not too extensive it may be possible to remove 
the infiltrated portions without damaging the 
tendon to any extent. However, in many in- 
stances tendons will be completely eroded or 
so badly fragmented as to require surgical 
removal. In such cases some sort of plastic 
repair is necessary. 

In ro cases such plastic repair was required. 
In 6 of these cases (with involvement of 10 
tendons) the proximal and distal stumps of 
the destroyed tendons were sutured under 
slight tension to adjacent tendons (Fig. 29). 
In 1 case an end-to-end suture of the stumps 
of the extensor pollicis longus was made after 
excision of the involved tissue (Fig. 17). In 
3 cases, however, such side-to-side suture was 
not possible and it was necessary to graft 
tendons into the defect. A tendon graft was 
used also in a fourth case of chronic non- 
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f. 


Fig. 17. Tuberculous tenosynovitis of the dorsum of the hand, especially marked 


on radial side. 


Involvement of extensor digitorum communis sheath, and sheaths 


of both extensors and long abductor of thumb. The long extensor tendon of thumb 
had separated and was sutured. At time of operation there was a focus of tubercu- 
losis in the radius which was not touched. Following operation a sinus developed 
which was treated by immobilization and sunlight. Healing occurred in 9 months. a, b 
(Kanavel, Surg., Gyvec. & Obst., 1923, xxxvii, 635), The hand before operation in 
September, 1921. c,d, e, f, g, h, The hand in October, 1933. There has been no recur- 


rence in the 12 years since operation. 


tuberculous tenosynovitis. The results in all 
four instances have been satisfactory, and, 
since so far as we can determine they are the 
only recorded instances in which tendon 
grafts have been used in tuberculous teno- 
synovitis, we shall report here the history of 
these cases. 


B. M., W.M.H. 134939, 137599, P.M.H. 708. A 
mechanic, 26 years of age, entered the hospital 
(October 28, 1917) because of trouble with his right 
wrist of 28 months’ duration. The onset of this 
trouble dated back to June of 1925 when he sprained 
his wrist while turning a hand wheel at work. Al- 


most at once following this injury a hard, tense, 
walnut-sized lump developed on the dorsum of the 
wrist. The skin over the mass was normal and mov: - 
ments of the wrist were well performed, but were 
associated with slight pain and weakness. The swel - 
ing at this time was diagnosed as a carpal ganglio: . 
Six months later (December, 1925) the patient was 
operated upon, and 5 or 6 rice bodies were foun. 
The operative wound healed and the patient r- 
turned to work with the hand and wrist immobilize | 
on a splint. The swelling gradually recurred and wi s 
associated with more severe pain which at times b: - 
came so marked that he would be awakened from 1 
sound sleep. At this time the weakness of the wri t 
was more marked though the finger movements wei 2 
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d. 


ig. 18. Tuberculous tenosynovitis of 18 months’ dura- 
with invasion of radial and ulnar burs with extension 
the digital sheaths. One month before operation the 
nt felt the tendons to the index finger snap, since 
+h time she was unable to flex the interphalangeal joints 
is finger. The tuberculous tissue was completely ex- 
{ and the distal stumps of the index finger tendons were 
ired to the corresponding tendons of the middle finger. 
. Before operation. c, d, Two and one-half years after 
ration. (Letter seven years after operation states the 
d gave her no trouble and there had been no recurrence.) 
istrated in Kanavel’s original paper, Surg., Gynec. & 
. 1923, XXXVii, 635.) 


‘mal. In the spring of 1926 a second operation 
s performed at which time a sac-like structure 
itaining a little fluid but no rice bodies was re- 
ved. Shortly after this operation the swelling 
a..in recurred and in the fall of 1926 a third oper- 
on was performed and an extensive dissection 
carried out, multiple sac-like structures being re- 
moved. The operative wound healed after being kept 
open by packing for a period of 6 weeks. In the 
mid-summer of 1927 the pain and swelling again re- 
curred. Up to this time he could still use his hand 
at work but there was considerable weakness on 
supination and pronation. The pain was by this 
time quite severe and awakened him at 3 or 4 a. m. 


Fig. 20. Functional result 15 months after operation for 
tuberculous tenosynovitis of radial and ulnar bursie of 1 
year’s duration. There was no tendon destruction. The 
operation was performed in May, 1926; these photographs 
were made in August, 1927. There had been no recurrence 
in October, 1933, 7 years and 5 months after operation. 


a. b. 

Fig. 19. Tuberculous tenosynovitis of entire radial bursa 
and of ulnar bursa without invasion of digital sheath in 
little finger. Destruction of sublimis tendons to ring and 
little fingers. The tuberculous tissue was excised and the 
stumps of the sublimis tendon to the ring finger were su- 
tured proximally and distally to the corresponding tendons 
of the middle finger. The stumps of the sublimis tendon 
of the little finger were sutured to the profundus tendon 
of same finger. a, Before operation. b, c, Two and one-half 
years after operation. A communication 7 years and 10 
months after operation states there has been no recurrence 
and that there has been no change since the last photo- 
graphs were taken. 


On admission, an egg-sized, irregular, tense swell- 
ing apparently connected with the extensor tendons 
presented itself on the dorsum of the right wrist 
(Fig. 30, a and b). An irregular, red, shiny scar 
marked the site of the last operation. The main area 
of tumefaction extended about 1.5 inches up into 
the forearm from the annular ligament and distally 
to about the middle of the metacarpals. The tumor 
appeared to be made up of a number of globular and 
elongated swellings. Along the extensor tendons of 
the thumb there could be seen and palpated an 


Fig. 21. Chronic non-specific tenosynovitis of the dor- 
sum of the hand. 
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b. c. 


Fig. 22. Recurrent chronic non-specific tenosynovitis of the dorsal tendon sheaths. a, b, c, Before operation. d, e, |, 


nineteen months after operation. 


elongated mass extending out from the main mass. 
Active extension was limited to the horizontal while 
passive extension was limited to about 20 degrees 
beyond horizontal. Active and passive flexion were 
limited to about 45 degrees. Movements of the 
fingers and thumb were not impaired. Palpation of 
the mass during motion yielded a “grating” sen- 
sation as if there were small shot in the wrist. Ex- 
amination of the chest did not reveal any lung 
changes, and no other lesions were found. 

Operation (October 29, 1927, local anesthesia) 
revealed a mass of tuberculous tissue about 7 by 5 
centimeters with rice bodies about t!i: extensor 
tendons. The extensor tendons were ta‘<en singly 
and the tuberculous tissue removed from around 
each tendon by sharp dissection. A second incision 
was made over the extensors of the thumb. The 
pathological report of the-§tissue removed was 
“‘caseous and fibrous tuberculous tissue.” 

The immediate postoperative course was un- 
eventful and the patient left the hospital with good 
use of his hand and wrist. After this operation there 


Fig. 23. Chronic non-specific tenosynovitis of the flexor 
sheaths of the ring and little fingers, recurrent after ex- 
cision elsewhere. a, b, c, Condition previous to operation. 
d, e, f, Recurrence in the ulnar bursa at wrist following ex- 
tensive excision 1 year previously. 


remained a small nodule on the dorsum of the wrist. 
The patient was advised to have this nodule watched 
carefully and to return if it became troublesome or 
increased in size. The patient returned to work and 
was able to use his hand without any difficulty. 
In the following 5 months the nodule noted above 
increased slightly in size and on advice of his phy- 
sician the patient returned for another operation. 
At this time (April 9, 1928, local anesthesia) a 
long incision over the extensor tendons of the thumb 
showed the extensor pollicis longus and brevis ten- 
dons to be surrounded by a soft, in spots yellowish, 
granulation tissue. In one place for about three- 
fourths of an inch the superficial portion of the ten- 
don of the extensor pollicis brevis appeared to be 
invaded. All of the granulation tissue and the vis- 
ceral and parietal layers of the extensor sheaths were 
removed by clean dissection. The superficial in- 
volvement of the extensor pollicis brevis was ex- 
cised to a depth of about 2 millimeters until normal 
healthy looking tendon was found. The pathological 
report on the tissue removed at this operation was 
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g. 24. Chronic tenosynovitis of 3 years’ duration in- 
ving all of the extensor tendon sheaths on the dorsum 
o| ight wrist. Marked swelling and almost continuous 

. Tendons quite thin but not destroyed. Photograph 
s|_ ys the condition of the hand before operation. The inset 
is photograph of single large rice body 8 by 20 by 40 
» ‘meters. (The white line is 4 centimeters long.) 


ronically inflamed fibrous tissue containing nu- 
m ous foreign body giant cells. In places the giant 
ce s were grouped around fragments of foreign 
m -erial.” 

‘he postoperative course was uneventful, the 
oj rative wound healed by first intention, and the 
pe ient returned to work while continuing post- 
oj erative ultraviolet therapy. 

“ollowing this operation he had perfect use of his 
hind which was gradually getting stronger and did 
not cause him any discomfort or trouble for some 16 
months, that is, until August of 1929. At this time 
a \irm swelling again appeared along the extensor 
tendons of the thumb. Extension of the thumb was 
limited and associated with some pain. Examination 
showed a firm rope-like swelling along the course of 
the extensor pollicis longus, which was not tender or 
red. Flexion of the thumb was possible but ex- 
tension was imperfect. 

In October of 1929 (October 3, 1929, local anzs- 
thesia) he was again operated upon and the old skin 
scar over the extensor pollicis longus removed. The 
underlying tendon of the extensor pollicis longus was 
found large, soft, and swollen, especially over the 
distal end of the carpus. It was infiltrated with 
grayish-yellow tissue and had ruptured about mid- 
way between the muscle and the first metacarpo- 
phalangeal joint. The portion of the tendon lying 
between the muscle belly and the metacarpopha- 
langeal joint was excised and was replaced by a 
tendon graft (Fig. 31). The tendon of the extensor 
digitorum communis of the third right toe, with all 
its sheath was excised for about 3 inches and grafted 
into position between the proximal and distal stumps 
of the extensor pollicis longus. The muscle belly of 
the abductor pollicis longus was pulled under the 
proximal line of suture to serve as gliding tissue and 
to prevent binding adhesions. The tendon of the 
extensor pollicis brevis could not be found. The 
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Fig. 25. Drawing made at operation of hand illustrated 
in Figure 24. The sheath of the common extensors is shown 
with the constriction produced in it by the dorsal carpal 
ligament. The radial extensors and the extensors and long 
abductor of the thumb have not yet been exposed. The large 
rice body was found lying in the distended sheaths over the 
metacarpus. 


pathological report on the piece of excised tendon 
stated that for a distance of about 6.5 centimeters in 
the central part, the tendon was covered by an ad- 
herent, yellowish gelatinous mass of ragged and ir- 
regular tissue (Fig. 14, a). The ends of the tendon 
appeared normal. A considerable portion of the 
tendon had been replaced by numerous confluent 
tubercles. The patient made an uneventful recovery 
and was discharged after physiotherapy had been 
begun. 

One month after operation, the new tendon was 
seen to be functioning perfectly (Fig. 30, c, d). Ex- 
amination of the hand 1 year after operation showed 
no evidence of recurrence (Fig. 30, e, f, g). The new 
tendon had healed nicely into position and was func- 
tioning perfectly. It could be felt and seen under 
the skin as a tough, hard movable strand of tissue 
not unlike a normal tendon. Report from the patient 
4 years after the last operation stated that there had 
been no recurrence and that he was using his hand 
in his work. 

T. S., P.M.H. 6102. A home girl, 31 years of age, 
entered the hospital March 14, 1931, because of a 
painful swelling of the right wrist and inability to 
flex the little and index fingers. There was a suspicion 
of a sprain but no definite history of trauma. At 
the onset, 4 years previously, she noted pain and 
swelling of the volar aspect of the right wrist. After 
using the wrist the pain became much worse and 
the swelling larger and more tense. This condition 
persisted essentially unchanged for 2 years when she 
noted that she was beginning to lose ability to flex 
the two distal joints of the index finger. A light cast 
was applied and the pain and swelling gradually 
subsided, but she began to lose ability to flex the 
little finger and when the cast was removed she was 
unable to flex the interphalangeal joints of this 
finger. At times she thought that she had a slight 
rise in temperature. Familial history was positive in 
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a b. 


Fig. 26. Diagrams illustrating the types of incisions used to 
expose the volar tendon sheaths. Adequate exposure of radial 
and ulnar bursx requires 2 or 3 incisions (see text). In (a) the 
ulnar bursa proper is exposed by incision 7 and its digital pro- 
longation by incision 2. The radial bursa is exposed by a supple- 
mentary incision 3 along the ulnar border of the thenar eminence 
and thumb. The distal end of this incision is shown in the insert. 
The proximal end of the incision must stop a thumb’s breadth 
proximal to the transverse carpal ligament to avoid the motor 
branch of the median nerve to the thenar muscles. The incisions 
for the digital sheaths are also indicated. If the radial bursa is 
the most involved (b) the main incision 4 may be made along 
the thenar eminence and pass transversely across the wrist. The 
motor nerve to the thenar muscles must be identified and pro- 


tected. 


that her mother had died of tuberculosis of the 
spine. She complained of a chronic cough for the 
past two winters and stated that the sputum was 
occasionally tinged with blood. Following removal 
of the tonsils, however, the cough improved con- 
siderably and the blood spotting of the sputum dis- 
appeared. Two years previously she had an attack 
of pain in the right upper quadrant of the abdomen 
associated with vomiting and jaundice. Since this 
attack she has been troubled with frequent abdom- 
inal discomfort and vomiting. This syndrome was 
taken to indicate a chronic cholecystitis. General 
physical examination showed some slight tenderness 
over the region of the gall bladder. The lungs were 
clear. 

There was a slight, soft, fluctuant, non-tender 
swelling just above the transverse carpal ligament 
extending across the volar surface at the lower end 
of the forearm (Fig. 32, a, b, c, d). There was some 
atrophy of the right arm, forearm, and hand. She 
was unable to flex the index or little fingers at the 
interphalangeal joints. 

At operation (April 15, 1931, ethylene anesthesia) 
there was found a tuberculous involvement of the 
sheaths of all flexor tendons from the beginning of 


the tendons above to the level of the middle flexion 
crease in the palm below. The tendons of the index 
finger were completely eroded. Where the common 
flexor sheath began distally, the flexors of the index 
finger within the sheath were transformed into a 
yellow caseous mass (Fig. 8). Just outside the sheath 
the tendons appeared normal, but in section there 
could be seen central destruction. The destruction 
began distally at the middle flexion crease in the 
palm and extended proximally to the beginning 0! 
the muscle. The destruction of the sublimis tendor 
was a little more extensive than that of the profundu 
tendon. The tendons of the little finger were de 
stroyed over an area about two-thirds as great a. 
the tendon of the index finger. The tendons of th 
thumb, middle, and ring fingers were frayed bu 
their continuity was not interrupted. Within th. 
tuberculous synovial sac were many loculi some o 
them filled with a soft gelatinous material whic! 
looked as though it were an early stage in rice bod: 
formation, but none of them contained free fluid o 
rice bodies. The tuberculous tissue including th 
destroyed and invaded tendons of the index and littl 
fingers were completely excised. The defects in th 
tendons were repaired by the use of tendon graft 


su 
\ to 
fs fe fr 
ot 
of 
1 
pa 
\ 
in: 
th 
ab 
th 
ber 
wa: 
anc 
hos 
sur’ 
at 
nus 
a nor 
lim 
a 
acti 
Th 
and 
: ten 
rep: 
det: 
to | 
fife 


MASON: TUBERCULOUS TENOSYNOVITIS OF THE HAND 


(F z. 33). The distal stumps of the profundus and 
su limis tendons of the index finger were sutured 
to.cther near the base of the finger and the two 
imal stumps were united side by side above the 
t. The gap between these stumps was bridged 
. graft of palmaris longus tendon. The gap be- 
‘n the stumps of the flexor tendons of the little 
+r was similarly united by means of tendon taken 
1 the palmaris longus. In this case, however, 
the stumps of the profundus tendon were united. 
transverse carpal ligament was sutured, the 
ad closed, a pressure dressing applied, and the 
| placed on a flexion splint. Pathological study 
.e portion of tendons removed revealed a com- 
ly necrotic area surrounded by a narrow zone 
filtration with lymphocytes and beginning or- 

vation of the necrotic area (Fig. 14, b). 
1€ postoperative course was uneventful and the 
nt left the hospital with beginning return of 

movements. 

camination of the hand on July 3, 1931, about 3 
ths after operation, showed the incision com- 
ly healed, and the function of the fingers return- 
A second examination in February, 1932, showed 
‘urther return of function in the fingers. A third 
iination in October, 1933, 2 years and 7 months 
- operation, showed no recurrence and increasing 

ty to use the hand (Fig. 32, e, f, g, h). 
T., P.M.H. 6777. A coal miner of 55 was struck 
he palm of his left hand by a falling rock some 
ionths previously. The swelling which followed 
injury slowly increased and was soon accom- 
ied by pain and considerable disability. Six 
»nths previous to admission to the hospital, he 
yas operated upon elsewhere and some of the exu- 
berant tissue excised. Following this operation there 
was no improvement, a sinus developed and the pain 
and swelling failed to subside. Upon entrance to the 
hospital there were found a midline scar on the volar 
suriace of the left wrist and forearm, a draining sinus 
at the lower end of the incision, and two other si- 
nuses over the thenar eminence. There was moderate 
non-tender swelling of the wrist, and considerable 
limitation of flexion of all the fingers. The inter- 
phalangeal joints of the little finger could not be 
actively flexed. At operation there was found to be 
marked involvement of the ulnar and radial bursex 
at the wrist and in the palm, with invasion of the 
interosseous fascia and adductor pollicis muscle. 
The flexor digitorum sublimis to the index finger 
and the two flexor tendons to the little finger were 
found to have been destroyed from the level of the 
wrist to the distal flexion crease in the palm. The 
distal stump of the sublimis tendon to the index 
finger was sutured to the corresponding profundus 
tendon. The flexor tendons to the little finger were 
repaired by a transference of palmaris longus tendon 
in the following manner. The palmaris longus was 
detached from its insertion and united end-to-end 
to both distal stumps of the little finger tendons 
(Fig. 34). The proximal end of the sublimis of the 
fifth finger was united side-to-side to the palmaris 


Fig. 27. The incision passes through the skin and fascia 
and divides the transverse carpal ligament, exposing the 
distended ulnar bursa upon the surface of which lies the 
median nerve, which may be entirely surrounded by in- 
flammatory tissue. (From Kanavel, Surg., Gynec. & Obst., 
1923, XXXVii, 635.) 


longus. The postoperative healing was complicated 
by drainage from the regions of the old sinuses and 
it took several weeks to secure complete closure. 
However, at the end of 21% years the patient reports 
that the hand is healed though somewhat weak and 
that he has been back at work. 


The last case is not a proved tuberculosis. 


R. P., P.M.H. 15987. A female of 43 was admitted 
to Northwestern University Dispensary complaining 
of pain and swelling on the volar surface of the right 
wrist and hand of 3 years’ duration (Fig. 36, a, b). 
At operation a marked involvement of the ulnar 
bursa in the wrist and palm was found, without 
invasion of the radial bursa in the wrist or thumb, 
or of the digital prolongation of the ulnar bursa. 
The profundus tendon to the middle finger was so 
badly invaded that it required excision from the 
proximal end of the bursa nearly to the heads of the 
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Fig. 28. 


\ 


After the median nerve has been isolated and carefully retracted each 


tendon is taken in turn and the tuberculous tissue dissected free from it, taking 
especial care that the visceral sheath, B, is entirely removed. (From Kanavel, Surg., 


Gynec. & Obst., 1923, XXxvii, 635.) 


metacarpals. The other deep tendons were also 
frayed in the carpal tunnel, but could be saved. 
The destroyed segment of the profundus to the mid- 
dle finger was replaced by a free graft taken from 
the palmaris longus (Fig. 35). Healing occurred 
per primam and the functional result is satisfactory 
(Fig. 36, c, d, e, f). 

In excising the involved sheaths of the in- 
dividual fingers incisions are made along 
either the radial or ulnar border of the finger 
from the distal interphalangeal joint upward 
into the palm alongside the metacarpopha- 


langeal joint where the proximal cul-de-sic 
of the sheath is reached (Fig. 26, a and b). 
If possible we attempt to preserve a brid se 
of fibrous tissue over the base of the proximal 
phalanx and over the middle of the midcle 
phalanx to serve as transverse ligaments 0 
prevent herniation of the tendons. This, ho ’- 
ever, is seldom possible since the fibro 's 
sheath is practically always invaded and 1>- 
quires excision. We are accustomed in su h 
cases to fashion transverse digital ligamens 
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MASON: TUBERCULOUS TENOSYNOVITIS OF THE HAND 


Fig. 29. Every vestige of diseased tissue is removed so that at the completion of 
the operation the bare tendons lie upon the muscles and fascia of the palm and fore- 


arm. It may be 


necessary to remove badly fragmented tendons. These may be re- 


paired by suturing the stumps to adjacent tendons, A. (From Kanavel, Surg., Gynec. 


& Obst., 1923, xxxvii, 635.) 


(Koch) from bits of tendon tissue excised 
from the palmaris longus tendon or from rem- 
nants of attachments of the sublimis tendon. 
These are sutured to the fibrous tissue along 
the sides of the bone across the flexor tendons 
and serve as ligaments to keep these tendons 
in apposition to the bone. This procedure we 
have carried out in 5 or 6 cases and have been 
quite satisfied with it. 


At the completion of the operation the blood 
pressure cuff is deflated and all bleeding 
points stopped. The pressure is again applied 
and the incision is closed. Some fine silk su- 
tures are placed in the superficial fascia and 
the skin closed with fine silk or other fine skin 
sutures. Great care is taken to obtain as accur- 
ate an apposition of the skin edges as possible. 
Small rubber strips may be inserted in a few 
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a e. f. 


Fig. 30. Tuberculous tenosynovitis of dorsum of hand, _ licis longus which had been completely destroyed. This 
history of patient given in full in text. a, b, Condition of | grafted tendon functions perfectly and stands out prom- 
hand previous to first operation. This patient had been _ inently on the radial side. e, f, g, The hand 1 year fol- 
operated upon three times elsewhere and scars from these lowing tendon graft. (Four years after operation the pa- 
operations are visible. c, d, The condition of the hand 1 _ tient writes that there has been no recurrence and that he 
month following tendon graft to replace the extensor pol- has good use of his hand.) 


a 


_Ancision thru 
paratenonous 


tissue. 
Paratenon- 


ous sheath’ 


Sutures uniting: 
paratenonous 
tissues of graft 
and stumpof 
ext. pollicis 
longus. 


Fig. 31. Same patient as in Figure 30. Tendon transplantation for repair of extensor 
pollicis longus destroyed by tuberculosis. a, Extensor tendon of foot exposed, leaving 
paratenonous tissues about it. Longitudinal incisions are made to either side of the 
tendon through the paratenonous tissues. At either end of these incisions catgut liga- 
tures are passed around the tendon and tied in order to keep the tissues attached to 
the tendon. b, Sutures passed through tendon and paratenonous tissues. After the 
suture is made the catgut ligature and the tendon it surrounds are excised. c, e, De- 
tails of suture lines. In (e) the suture of paratenonous tissues is shown. d, Suture 
at proximal line completed. 
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MASON: TUBERCULOUS TENOSYNOVITIS“OF THE HAND 


a. d. 
. 32. Tuberculous tenosynovitis of radial and ulnar 
: with destruction of both flexor tendons of index and 
fingers. These tendons were replaced by a graft of 
iris longus tendon. a, b, c, d, The hand before oper- 


es to serve as drains. No splint is applied 
, ss tendon repair indicates necessity for 
iobilization, in which case the after-care is 
tically the same as for tendon repair. 
he treatment of dorsal tuberculosis is the 
e as that of the volar variety. The in- 
ys here should be made so as to expose 


Fig. 33. Fig. 


Fig. 33. Same patient as in Figure 32. The flexor tendons 
of the index and little fingers were replaced by tendon 
grafts taken from the palmaris longus. 

Fig. 34. Tuberculous tenosynovitis with secondary in- 
fection. The destroyed flexor tendons to the little finger 
were replaced by a transference of the palmari3 lonzus 


ation. The limited flexion of the index and little fingers is 
evident. e, f, g, h, Two years and 6 months after removal of 
tuberculous sheaths and replacement of destroyed tendons 
by tendon grafts. 


the sheaths adequately, and to produce a flap 
if possible. Since the extensor pollicis sheaths 
are practically always found to be infected 
even in those instances in which there is no 
external evidence of it, it is well to make the 
incision toward the radial side. The incision 
may start over the dorsum of the first inter- 


--Transfered 
palmaris longus 
tendon 


Fig. 35. 
tendon. Healing occurred in spite of a postoperative re- 
action. 

Fig. 35. Same patient as in Figure 36. The flexor digi- 
torum profundus to the middle finger was so badly invaded 
and frayed that it was replaced by a graft taken from the 
palmaris longus. 
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Fig. 36. Chronic tenosynovitis of radial and ulnar bur- 
se without extension into digital prolongations. Major 
complaint was of pain. a, b, Hand before operation. 


osseus space to the ulnar side of the extensor 
pollicis longus tendon, pass upward toward the 
carpus, and then turn ulnarward transversely 
across the carpus to pass proximalward again 
slightly to the ulnar side of the midline for 
about 3 inches into the forearm. 

In case of the dorsal sheath it must be kept 
in mind that there are multiple canals on the 
dorsum of the wrist through which the various 
tendons pass. Each of these compartments 
must be opened and explored and all involved 
tissue including the dorsal carpal ligament 
must be excised. It is always advisable to 
explore the tendon sheaths of the extensor 
pollicis longus, brevis and abductor pollicis 
longus since our experience shows that these 
are always invaded. At the close of the oper- 
ation a new dorsal carpal ligament can be 
fashioned from surrounding fibrous tissue. The 
extensor pollicis longus which lies to the ulnar 
side of a ridge on the dorsal surface of the 
radius should be replaced in this groove and 
held there by suturing fibrous tissue across it. 


AFTER-CARE 

Unless definite indications arise the initial 
dressing is not changed for 48 to 72 hours. 
Thus we do not disturb the original hemo- 
static pressure of the postoperative dressing, 
and the wound is kept free of blood and 
serum. At the first dressing the rubber strips 
are removed and another fluffed gauze pres- 
sure dressing applied. The pressure dressings 


OBSTETRICS 


e. 


c, d. e, f, Condition of the hand 8 weeks after operation. 
The grafted flexor profundus to the middle finger is func- 
tioning nicely. 


are kept up for 5 to 6 days when they may 
be discontinued and lighter dressings ap- 
plied. Sutures as in other work dealing with 
the hand are not removed for 12 to 14 days. 
This applies particularly to the palm of the 
hand. 

Physical therapy is not used routinely in the 
after-care. The patient is told to use the hand 
for light uses as soon as it has healed and is 
encouraged to spend time in the sunlight 
and fresh air. If good use does not seem to be 
returning after 6 to 8 weeks, we may advise 
physical therapy, heat, massage, active, and 
passive motion for a short time. However, 
our feeling is that such procedures are usually 
unnecessary and probably in view of the na- 
ture of the condition are not indicated. 
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THE TYPE AND GRADE OF GASTRIC CARCINOMA IN RELATION 
TO OPERABILITY AND PROGNOSIS 


ALLEN O. WHIPPLE, M.D., F.A.C.S., anv THEODORE S. RAIFORD, M.D., New York 
From the Surgical Department of Columbia University and the Surgical Service of the Presbyterian Hospital 


disease, the cause of which is undeter- 

mined, it is essential to recognize all fac- 
tors having to do with the life history of the 
lesion. Certainly this applies to cancer of the 
stomach, which ranks first in malignancy in 
regional classification. In the government 
reports from England and Wales and from the 
United States more than one third of the 
deaths due to malignancy are reported as can- 
cer of the stomach. 

The therapy of this disease is relatively 
young. It was in 1881 that Billroth first suc- 
cessfully resected the pylorus in an attempt to 
remove a cancer. In the intervening 50 years 
pessimism has constantly pervaded the pro- 
fession, and is consequently inherent in the 
lay mind. There are many reasons for this, the 
primary one being the risk of the major pro- 
cedure in any honest attempt to remove the 
disease, and the low percentage of freedom 
from recurrence following surgery. But other 
factors contribute to the gloomy prognosis 
offered the victims of this disease. Foremost 
is the usual failure of any other form of 
therapy in proved cases. Radium and X-ray 
therapy except in rare cases have not pro- 
duced the arrest of the disease or even the pal- 
liative delay in distressing symptoms that can 
be had by applying these measures to cancer 
of other organs or structures. 

The mimicry, in its early symptomatology, 
of so many benign gastro-intestinal diseases 
and its early symptoms of mild constitutional 
disturbances common to so many system dis- 
‘orders, insidiously hides the lesion in its early 
development and robs the victim of that essen- 
tial time for surgical interference when the 
disease is confined to the walls of the stomach. 

What is the result? The disease in its early 
form is suspected in only a small percentage 
of the cases even by the alert and intelligent 
practitioner, for he is the only one who sees 
the patients early. In the majority of cases 


: considering the therapy of any serious 


when the lesion is recognized only in its ma- 
turity and is corroborated by the most efficient 
means at our command, namely the fluoro- 
scope and barium meal, the pessimistic phy- 
sician advises operation; the equally, if not 
more pessimistic surgeon explores and finds 
an irremovable growth; the pathologist later 
exhibits the lesion and demonstrates the dis- 
seminated metastases. A clinic or hospital 
without a long established and well organized 
follow-up system will undoubtedly regard the 
subject of gastric cancer as hopeless. To com- 
bat this impression a periodic exhibit of all 5 
year arrests after resection for carcinoma of 
the stomach in this clinic has been shown at 
the clinical-pathological staff conference. 

At best the operative mortality and the 10 
year results are about equal in percentages— 
too high in the former, too low in the latter. 
Statistics are often both boring and mislead- 
ing, but they are instructive, if reported from 
reliable sources in large enough series to war- 
rant deductions. Table I containing the 
statistics of clinics in several countries is of 
interest. 

Why do statistics vary so greatly in mor- 
tality rate and in interval results? The answer 
to the former lies in the skill and team work 
of the individual operator, the selection of 
cases, and the pre-operative and postoperative 
care of the patients. Statistics stress the im- 
portance of limiting gastric resections to in- 
dividual surgeons of mature experience and 
demonstrated skill, with permanent assistants 
and a well thought out program. Nowhere is 
this better demonstrated than in the Mayo 
Clinic, where these major procedures have 
been done by a few experienced surgeons with 
carefully trained assistants in an astonishingly 
large number of patients. 

The variation in late results has to be ex- 
plained, however, on different grounds. Why, 
after recovery from the ordeal of resection, do 
some patients live 10 years, while the ma- 
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TABLE I.—RESULTS FOLLOWING RESECTION 


Comparative statistics from various clinics regarding the 
percentages of 5 and to year arrests of the disease after 
resection. In some of these the percentages are computed 
from the entire number of resected cases. In others only 
the cases surviving operation are included. The latter 
group are marked by (s). 


7 Percent- | Percent- 
esec- age age 
Year Clinic tions s year | ro year 
arrests arrests 
1924 | Finsterer 83 (s) 31.3 
1925 | Anschutz QI 22.0 
43 21.0 
1926 | Hartman 100 19.0 
(s-21yrs.) 
1927 | Persson 203 (s) 14.5 8.0 
(6%-21 
years) 
1929 | Walton 62 6.4 
1932 | Presbyterian Hospital 
(Chicago) 4o (s) 20.0 
1933 | Johns Hopkins Hospital 41 (s) 24.4 
1933 | Presbyterian Hospital 
(New York City) 4o (s) 25.0 
22 (s) 31.8 
1931 | Mayo Clinic (Balfour) 640 (s) 20.0 
1919 | Mayo Clinic (Mayo, C. H.) 234 (s) 25.0 


jority die of recurrence within a period of 3 
years or less? In an attempt to answer this 
question 95 gastric resections for malignancy 
of the stomach (including 2 of sarcoma) per- 
formed at the Presbyterian Hospital over a 
period of 24 years have been analyzed and 
compared with similar groups reported from 
other clinics. All but 2 of the surviving 63 
cases have been followed for periods of 2 
months to 18 years. This study has been aided 
by the constant co-operation and interest of 
Dr. Arthur Purdy Stout, surgical pathologist, 
and Dr. F. B. St. John, attending surgeon, 
both having been interested in this subject 
and having reported on previous groups of 
gastric cancer. Dr. Stout’s textbook Human 
Cancer and Dr. St. John’s review of the earlier 
series have been frequently consulted. This 
discussion is based primarily upon the types 
and grades of malignancy in relation to 
operability and prognosis. 


TYPES 


Carcinoma of the stomach differs from car- 
cinoma of other parts of the gastro-intestinal 
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lumen, and have less tendency to ulcerate. 


tract in that the majority of the cancers are 
less well differentiated and are therefore more 
malignant. This may be due to the greater 
variety of type and function of the epithelial 
cells seen in the mucosa. The literature of the 
subject is confused by numerous terms used 
in an attempt to classify these carcinomata, 
Especially unfortunate are such terms as car- 
cinoma simplex, scirrhus or medullary car- 
cinoma, or linitis plastica. No two patholo- 
gists will agree as to the exact significance of 
these names. The majority of such classifica- 
tions have been made on the basis of the 
morphology of the cells and on the micro- 
scopic sections, rather than on the life history 
of the gross lesions. 

As one sees these carcinomata under the 
fluoroscope, at the operating table, and after 
resection, in the fresh and in the fixed speci- 
mens, it is obviously clear that the growths 
fall into three types: (See Table II). 

1. Those that form vegetative, or fungat- 
ing masses with a tendency to grow more into 
the lumen of the stomach than to infiltrate the 
coats or undergo ulceration. 

2. Those that grow both into the lumen and 
into the wall of the stomach, with marked 
ulceration. 

3. Those that grow into and infiltrate the 
coats of the stomach, rather than into the 


All these types both grow toward the lumen 
and invade the coats of the stomach, but 
some, the more benign and less rapidly grow- 
ing, tend to fungate, while others tend to 
ulcerate as growth progresses; and others, the 
most malignant, tend to infiltrate rather than 
form masses or to ulcerate. 

Table II shows the relative frequency of 
these types and the locations in which they 
are commonly found. Unfortunately it is not 
the fungating type which is the most common 
of these. 

The vegetative, or large fungating. tumors, 
in this series occurred most frequently in the 
pars media; the ulcerating tumors were found 
in all parts, but most commonly in the an- 
trum; the infiltrating type, which includes the 
scirrhus, the carcinoma developing on an ulcer 
and linitis plastica, were most frequently 
found in the antrum and pylorus. 
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TABLE II.—DISTRIBUTION OF GROSS TYPES 
ACCORDING TO LOCATION 


In this table the gross types are distributed among the 
various locations. It will be noted that by far the largest 
percentage of fungating tumors are located in the pars 
media and the antrum. The true ulcerating and infiltrating 
growths are about equally distributed between the pylorus 
and antrum. The vertical and horizontal totals show the 
distribution of all cases among the types and locations 
respectively. 


Pors media 12 2 5 19 
23 32 65 
Ps! rus ° 3 8 Ir 

Total 22 28 45 95 


GRADING 


The possibility of grading the malignancy 
o! carcinomata as seen in the stomach has 
been stimulated by follow-up studies. By 
comparing the microscopic sections of the 
several types of cancer with the late results, 
fairly definite data can be obtained for grad- 
ing malignancy. Since Broders’ work at the 
Mayo Clinic on grading the epitheliomata of 
the lip first appeared in 1920, increasing inter- 
est has been shown in this subject. Martzloff 
has studied the grade of malignancy in car- 
cinoma of the cervix uteri, and Greenough has 
done the same in malignancy of breast can- 
cer. MacCarty has published his criteria in 
the grading of carcinoma of stomach and 
rectum, but in regard to the former, the au- 
thors have been unable to agree with his con- 
ception of relative malignancy. 

The grading of malignant tumors is at best 
only relative, and involves to a certain extent 
a personal factor, inasmuch as it is not based 
upon chemical analysis or mathematical for- 
mule. But even though relative, it can be of 
real value in its relation to the gross types of 
cancer and to the prognosis of the patient 
operated upon. 

The greatest effort has been concentrated 
on the correlation of the gross types and 
microscopic sections with the clinical history 
and follow-up results of the cases. It should 
be stressed that the grades used are entirely 
arbitrary. The criteria set forth here are of- 
fered not to determine the exact percentage of 
four grades, but as a means of correlating the 


TABLE III.—-DISTRIBUTION OF GROSS TYPES 
ACCORDING TO GRADES 


The gross types are here distributed among the four 
grades of malignancy. It will be seen that ulcerating car- 
cinomata are divided between all four grades, predominat- 
ing in II, III and IV. Fungating tumors are mainly in 
grades II and III while all of the infiltrating tumors were 
either grade III or IV. The horizontal totals show the 
prevalence of the various grades. 


Grades Eangating| rot 
I 2 I ° 3 
Il 7 7 ° 14 
Ill 10 Ir 15 36 
IV 3 9 30 42 
Total 22 28 95 


clinical, gross, and microscopic characteristics. 
They are by no means original, but out of 
many others considered as signs of malig- 
nancy, they have seemed to be most signifi- 
cant of carcinoma of the stomach. The fol- 
lowing criteria of microscopic pathology have 
been used in determining the grade of ma- 
lignancy: 

1. The degree of cell differentiation. 
Marked deviation from the normal glandular 
arrangement of the cells indicates a more 
malignant grade. 

2. Cellular activity. This is indicated by 
the variation in shape and size of the cells and 
their nuclei, and the variation in cell types in 
the same tumor. These are considered even 
more significant than the number of mitoses 
and the chromatin content of the nuclei. 

3. The invasiveness of the tumor cells, 
whatever their arrangement or differentiation. 
The invasion is to be noted in the lymphatic 
channels and about the nerves and vessels, 
as well as in the muscles and the serosa. 

4. The lack of cohesiveness in the tumor 
cells, whatever their arrangement. Delbet 
has called attention to this in breast cancer. 
This is considered equally indicative of ex- 
treme malignancy in gastric cancer. 

5. Metastases in the lymph nodes. This is 
a sign of malignancy, but not necessarily an 
indication of the grade of malignancy. Ab- 
sence of lymph node involvement greatly 
enhances the prognosis. 

As in the epitheliomata graded by Broders, 
it is fairly easy to divide the gastric cancers 
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GRADE 


Table 1V. This chart represents graphically the average 
duration of symptoms in all grades. Taken as a whole this 
varies little in the different grades. If, however, from 
grades III and IV those cases with histories typical of 
gastric ulcer are segregated it is seen that the symptom 
durations fall into two clear cut groups, the fulminant 
symptoms of 6 months or less and the insidious ulcer symp- 
toms of 12 or more months’ duration. 


into the relatively benign and the very 
malignant grades. Perhaps it would be wiser 
to do this than attempt to separate them into 
four grades. In this scale of malignancy 
grade I merges into grade II, II into III and 
III into IV, and there are no hard and fast 
dividing lines. Nevertheless it may be inter- 
esting to note the fact that both the authors, 
in studying the sections independently and 
recording their individual grading against the 
numbers of the slides, found the grades to 
coincide in about 95 per cent of the cases. 
(Table III.) 

There is a fairly definite relation between 
two of the types and the grades. That is, the 
vegetative or fungating type most often shows 
the less malignant grades I and II. The in- 
filtrating type most frequently fall in grade 
IV. The ulcerating type may, however, prove 
on microscopic examination to be either grade 
II, III, or IV. 

It will be noted that the percentage of car- 
cinomata developing on chronic ulcers has 
not been discussed. This question has been 
argued for almost 100 years since Cruveilhier 
first distinguished chronic gastric ulcer from 
carcinoma and intimated a causal relation 
between the two. The opinions of both sur- 
geons and pathologists have varied so ex- 


tremely on this etiological relationship that 
an utter lack of uniformity in the interpreta- 
tion of observed facts is evident. Agreeing 
with the more recent writers on the subject, 
it is felt in this clinic that the incidence of car- 
cinoma found associated with true chronic 
ulcer in resected stomachs, where microscopic 
sections of the entire lesion are examined, is 
low. In this group of 95 resections there were 
6 cases. But the authors emphatically agree 
with Cabot and Adie, with Bueerman, and 
with Scott in placing emphasis, not upon the 
percentage of carcinomata developing on an 
ulcer base, but upon the fact that the two are 
so often indistinguishable in the patient. It 
is desired furthermore to emphasize the fact 
that this study has demonstrated that the 
carcinomata thought to have developed on 
an ulcer belong to the infiltrating type, and 
are almost invariably grade IV in malignancy. 
In this group no patients have remained well 
longer than 39 months. 

This has been noted in other series. Thus 
Bueerman, in a study of 1,142 gastric cancers 
from the Mayo Clinic, found that carcinoma 
on ulcer occurred in only 0.52 per cent of the 
ulcerating carcinomata studied. He also 
states that upon the bases of Broders’ classi- 
fication, carcinomatous gastric ulcers have a 
relatively high grade of malignancy, 78.9 
per cent occurring in grades ITI and IV. 


OPERABILITY 


The pre-operative determination of the 
type of tumor and grade of malignancy is a 
more difficult problem. This has to do with 
the question of operability. Our studies have 
brought out certain data which may be of 
use in this determination. Because of the in- 
accuracies in the case histories, inherent in the 
varying intelligence of the patients, in the 
varying reaction of the patients to discom- 
fort and their inconstant recognition of con- 
stitutional disturbances, the duration of the 
disease is difficult to estimate. When the car- 
cinoma is located in pain sensitive areas, as 
in the lesser curvature, or where ulceration 
produces bleeding, the patient is more apt to 
seek medical advice early. Pain and bleeding 
are compelling symptoms, and they would 
seem to be more often seen in the ulcerating 
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carcinomata found in the antrum on the lesser 
curvature. 

The duration and type of symptoms bear 
an interesting relationship to the grade of 
gastric cancer. Summarizing the average 
duration of symptoms in all grades it is found 
that in grades I and II the onset of symptoms 
commonly begins 7 or 8 months before the 
patient seeks advice from a physician. As 
shown graphically in Table IV, grades III 
and IV give symptoms of slightly longer dura- 
tion, namely 8 or 9 months. If the latter two 
groups are classified and those giving typical 
ulcer histories segregated, it is found that the 
average duration of these cases is over 20 
months, while the duration of the remaining 
majority averages 6 months for grade III 
and 4 months for grade IV. In other words, 
patients who give a rapid, fulminating history 
of carcinoma are most apt to harbor a growth 
of relatively greater malignancy. Those which 
give a history suggestive of a gastric ulcer 
lasting over several months which progresses 
steadily and fails to abate after conservative 
treatment are likewise apt to fall in grades III 
and IV. On the other hand, the tumors giving 
clinical manifestations of no great severity 
which develop slowly over several months 
are in the majority of instances grades I and 
II. (Table IV.) 

Differentiation of types is more difficult 
from the physical findings. The large fungat- 
ing tumors are, however, more apt to be felt 
by the physician than the other types and, 
with the large ulcerating carcinomata, are 
more often recognized by the radiologist as 
filling defects, and less apt to be confused with 
gastric ulcer. 

Gastric analysis frequently shows an ab- 
sence of free hydrochloric acid in carcinoma, 
but this finding is not always constant. These 
studies have brought out some interesting 
points in the relation of acidity to type, grad- 
ing, and result. The percentage of achlorhy- 
drias is greatest in the fungating type, least 
in the carcinoma-on-ulcer type, greatest with 
tumors located in pars media, least in pylorus. 
The percentage of achlorhydrias is inversely 
proportional to the ascending grade of ma- 
lignancy, and of the 14 cases presumably well 
in which the acidity was determined, hydro- 


TABLE V.—COMPARISON OF GASTRIC ACIDITY 
WITH RESULT 


In a comparison of gastric acidity with the result of 
resection as shown in this table it is interesting to note 
that presumable cures are about four times as frequent in 
cases having no free acid. In the group dying from recur- 
rent cancer, free acid was present in the gastric contents of 
the majority. 


Free HC1 
present 


Free HC1 No 


Result absent analysis 


Presumably well 3 Ir 7 


Dead following opera- 
tion 7 14 Ir 


Dead from recurrence 14 12 16 


Total 24 37 34 


chloric acid was absent in 11. These findings 
emphasize the significance of acid determina- 
tions but in so small a group of cases it is 
impossible to foretell their importance. (Ta- 
ble V.) Whether this would hold true in a 
large series remains to be seen, but it is worth 
considering in cases showing a palpable mass 
with a filling defect in the X-ray films. 

A case showing a palpable tumor with filling 
defect in the pars media without great loss of 
weight and strength, without a severe anemia, 
and with achlorhydria, would be considered 
as a probable fungating type of grade I or II. 
On the other hand a case showing rapid loss of 
weight and strength, an anemia, with free 
hydrochloric acid present and X-ray findings 
showing an infiltrated wall or suggesting an 
old ulcer in the region of the pylorus, would 
be considered as an infiltrating type of grade 
III or IV. The finding of a tumor mass that 
is movable, without signs of fluid or a nodular 
liver, in an individual that is not cachectic is 
a favorable sign, and promises well for sur- 
gery. This is especially true if the X-ray 
shows a filling defect in the pars media. 

Golden, summarizing the roentgenological 
criteria of gastric malignancy as used at the 
Presbyterian Hospital, has emphasized the 
difficulty in the detection of an “early car- 
cinoma” or one which is arbitrarily assumed 
to be 1 centimeter or less in diameter. He 
feels that such a lesion might be detected in 
the media by (1) interruption of the peristaltic 
waves on the lesser curvature, (2) oblitera- 
tion of mucosal folds (an observation which is 
hard to make with certainty), or (3) a crater 
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TABLE VI.—DISTRIBUTION OF GRADES 
ACCORDING TO METASTASES 


In this table the grades are compared with the presence 
or absence of lymph node involvement. It is easily appre- 
ciated that the vast majority of cases with metastases fall 
into grades III and IV while those in which the cancer was 
strictly limited to the stomach walls were about equally 
distributed between grades II, III, and IV. 


Grade involved | involved | Total 
I ° 3 3 
Il 2 12 14 
Ill 22 14 36 
I\ 29 13 42 
Total 53 42 95 


shadow if the growth happens to be ulcerated. 
If this lesion, proved roentgenographically, 
happened to lie on the greater curvature, it 
could be interpreted with great certainty as 
carcinoma. If on the lesser curvature, it could 
only be differentiated from a peptic ulcer by 
a period of observation during which time it 
was given an opportunity to heal under pallia- 
tive treatment. In the antrum, the normal 
peristaltic wave as such gives way to a systolic 
antral contraction of such magnitude that it 
might not be obliterated by even an extensive 
infiltrating carcinoma. The presence of such 
a growth might, however, be betrayed by 
spasm or slight rigidity of the antral wall. 

It is easy to confuse the X-ray picture of 
early carcinoma of the pylorus with that of 
hypertrophy and spasm of the pyloric muscle. 
This differentiation cannot be made with cer- 
tainty without repeated re-examination and 
even then, the constant finding of an elon- 
gated, pyloric channel cannot always be taken 
as infallible proof of a gastric carcinoma. 

The interpretation of the operative findings 
should further enable the surgeon to foretell 
the prognosis. Free fluid with nodules in the 
peritoneum of the omenta or of the pelvis, or 
nodules in the liver, are of course evidence of 
widespread metastases and contra-indicate 
resection unless the nodule in the liver is single 
and the patient is in excellent condition. The 
presence of nodules in the serosa of stomach, 
or a beaded and granular serosa in the region 
of the tumor, is evidence of peritoneal in- 
vasion and probably lymphatic involvement, 
but does not contra-indicate resection; nor 


TABLE VII.—INFLUENCE OF METASTASES 
UPON RESULT 
The percentage of metastases in the resected cases are 


shown in this table and with it the comparative results in 
cases with and without metastases at the time of operation. 


With Without 


Result metastases metastases 
Living less than 5 years (maximum 29 months). 11 II 
Living more than 5 years...................+ ° 9 
Dead following 21 Il 
Dead from recurrence of growth.............. 21 Ir 


(55.8%) (44.2%) 
does the adherence of the tumor mass to adja- 
cent organs such as the colon, liver, or pan- 
creas, for this may be inflammatory. The 
colon was resected in 3 cases of this series be- 
cause of the close adherence to the tumor. All 
3 recovered, 1 has been living 12 years, an- 
other 4 years. Neither of these showed mi- 
croscopical involvement of the colon. The 
third died of recurrence. 

The finding of a nodule in the duodenum 
does not necessarily mean tumor tissue. Not 
infrequently have such nodules, thought at 
first to be carcinomatous, proved to be acces- 
sory pancreatic tissue or some other type of 
benign tumor. The frozen section diagnosis 
of such tissue is very difficult, as illustrated 
in the case reported by Scott. The significance 
of enlarged, firm lymph nodes along the curva- 
tures, around the head of the pancreas and in 
the gastrohepatic omentum is easily misin- 
terpreted, for such lymph nodes may be in- 
flammatory, especially in the ulcerating type 
of lesion. Bothe observes that the size of the 
nodes bears no definite relation to their in- 
volvement, nor does the size of the growth 
have any relation to the number of nodes in- 
volved. Furthermore, the presence of metas- 
tases in lymph nodes does not necessarily in- 
dicate the grade of malignancy. Highly ma- 
lignant carcinomata usually metastasize early 
and may reproduce in the node more than one 
histological type. Relatively benign tumors 
if allowed sufficient time will also metastasize 
but here the cellular structure of the metas- 
tasis is almost invariably like that of the par- 
ent tumor. (Table VI.) 

The presence of enlarged nodes should 
therefore not contra-indicate resection. Their 
presence is an added reason for removing as 
much of the attached omenta as possible in a 
wide resection. Not until all the excised 
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TABLE VIII.—INFLUENCE OF GRADE 
UPON RESULT 


The influence of grade upon result is here depicted. If 
the percentages are computed it is strikingly apparent that 
the presumably well cases are inversely proportional to the 
ascending grade of malignancy while the reverse is true in 
those cases dying of recurrence. 


Post- 
Presum- A Dead from 
Grade ably well — recurrence | Total 
I 3 ° ° 3 
Il 7 5 2 14 
9 
Yotal 21 32 42 05 


lymph nodes have been carefully sectioned 
can the extent of lymph node involvement be 
evaluated and the prognosis determined. The 
finding of one carcinomatous lymph node ad- 
jacent to the tumor, with the others free, in- 
dicates a better prognosis than when all the 
regional nodes are involved. Nevertheless the 
gravity attending lymph node involvement 
must again be emphasized. In this series, 56 
per cent of the resected carcinomata had 
extended to the lymph glands. None of this 
group of cases has lived more than 29 months 
after operation. On the other hand, none of 
the patients who have lived 5 years or more 
had metastases to the nodes. (Table VII.) 


RESULTS 


In some of the foregoing tables, mention 
has been made of the results obtained in this 
group of 95 cases by gastric resection. It is 
perhaps relevant at this point to explain the 
classification into result groups. Table VIII 
compares results with grades. It will be no- 
ticed that results have been grouped under 
three headings. Under “‘ Presumably well’’ is 
included all cases living and well after resec- 
tion in which no lymph gland involvement 
was noted. These number 21. Of these, 7 
have passed the 10 year mark and g have 
lived longer than 5 years. The remaining 12 
have survived from 8 months to 4 years with- 
out showing signs of a recurring growth. Two 
of these died 18 months and 3 years after 
operation as a result of unrelated disease. 

All patients dying in the hospital as a result 
of the operative procedure and its various 
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TABLE IX.—RESULTS OF TREATMENT 


Results of treatment in all of the resected cases. It is of 
interest to note that of the 26 living cases only 7 had 
metastatic involvement of the nodes. Four of these at 
present show signs of recurring cancer. The 2 patients who 
died of unrelated causes should be classed as presumably 
well since at operation no metastases were found and no 
manifestation of malignancy was apparent before death. 
Lies 
Living from 8 to 48 months without metastases and 

without signs of recurrence..................... 10 
Living from 2 weeks to 29 months with nodes involved 

but without signs of recurrence.................. 3 
Living, nodes involved but showing signs of recurrence.. 4 


Hemorrhage 
Infection. ......... 
Pneumonia........ 
Other causes 


Died of unrelated causes without signs of recurrence 
at 18 and 36 months respectively................ 


complications have been counted as post- 
operative deaths. Of the 42 recurrent cases, 
35 patients have died from 6 months to 5 
years after operation. Of the remaining cases, 
4 patients though still living, are showing 
signs and symptoms of a recurrence. The 
last 3 are symptomfree at intervals of 2 
weeks, 3 weeks, 5 weeks, and 29 months, re- 
spectively, after operation. It has seemed 
justified therefore to include these cases in the 
recurrent group since they had metastasized 
to lymph nodes and experience has shown the 
prognosis in such cases to be extremely poor. 

To aid in illustrating these results Table IX 
was made to show in detail the distribution of 
the 95 cases among the result groups. 


CASE REPORTS 


The following case reports illustrate tumors 
typical of the three gross types and their 
respective grades of malignancy. 


CasE 1. Fungating type. Unit Hist. No. 42856. 

Clinical features. G. A., a white male, aged 50 
years, was admitted to the hospital on August 5, 
1919, complaining of “‘gas in the stomach” for 15 
months. This was sometimes accompanied by a dull 
ache in the epigastrium about 1 hour after meals and 
usually relieved by eating and soda. For 10 months 
he had been troubled by sour eructations and dis- 
tention. There had been some loss of strength and 
during the 3 months previous to admission he had 
lost 10 pounds. 
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Physical examination revealed a poorly nourished 
man who appeared to be chronically ill. The abdo- 
men was scaphoid and on palpation, a slightly ten- 
der, movable mass was felt just to the left of the 
umbilicus. There was also a visible protuberance in 
the right upper quadrant which appeared to move 
with respiration. The condition was diagnosed car- 
cinoma of the stomach and operation advised. 
X-rays showed a large filling defect along the lesser 
curvature in the pars media (Fig. 1). 

Operation. The abdomen was opened on the day 
following admission and the operator immediately 
felt a large, hard, freely movable mass in the greater 
curvature. Since it was nowhere attached, resection 
was thought advisable, and carried out by the Bill- 
roth II procedure. No enlarged glands were felt and 
no metastases could be made out in the liver. 

The postoperative course was uneventful and the 
patient left the hospital in good condition. 

Gross pathology. The specimen (S. Path. No. 23185) 
consisted of a large portion of the stomach. The 
viscus was opened and a large cauliflower shaped 
growth (Fig. 2) was seen occupying the posterior 
wall and lesser curvature of the pars media. It pro- 
jected well into the stomach cavity. It was hard but 
appeared to be well circumscribed. No enlarged 
nodes were found attached to the specimen. 

Microscopic pathology. The growth was composed 
of hyperplastic epithelial cells growing in an alveolar 
manner. The tumor cells had invaded the muscle 
wall but had not involved the serosa. They were 
well differentiated, cohesive, and had not invaded the 
blood vessels or lymphatics (Fig. 3). 

There were no metastases. 

Diagnosis: Carcinoma of stomach, Grade I— 
fungating type. 

The patient has remained well for 14 years. 

Case 2. Ulcerating type. Unit Hist. No. 350893. 

Clinical features. F. B., a white male, aged 48 
years, entered the hospital August 18, 1932. The 
onset of his symptoms dated back one year pre- 
viously when he first noticed gaseous eructation, 
indigestion, and occasional vomiting. These he 
dated from a dietary indiscretion. All symptoms 
gradually became worse and during the 3 months 
previous to admission he had suffered from diar- 
rhoea. During this time he had lost 10 pounds and 
felt weaker than usual and generally below par. 
Vomiting had increased in frequency. 

Physical examination revealed a well developed, 
white man with a marked secondary anemia. There 
was felt in the abdomen in the region of the pylorus, 
a mass the size of a lemon which was non-tender and 
movable. It did not appear to move with respiration. 

X-rays after a barium meal showed a characteristic 
irregular filling defect surrounding the antrum of the 
stomach (Fig. 4). There was also a 20 per cent 4 
hour retention of the barium meal. The red cell 
count was 3,870,000 and the hemoglobin 58 per cent. 
Gastric expression showed no free hydrochloric acid 
in any specimen. Carcinoma of the stomach was 
diagnosed and operation advised. 
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Operation. Partial gastrectomy. On opening the 
abdomen the operator felt a large, hard growth sur- 
rounding the stomach in the antrum. It was not 
attached to any surrounding structures and resec- 
tion was thought feasible. This was carried out by 
the Pélya method with a posterior gastro-enteros- 
tomy and entero-enterostomy. 

The post-operative course was uneventful except 
for a partial disruption of the abdominal wound. 
This healed rapidly and the patient was discharged 
from the hospital improved. 

Gross pathology. The specimen (S. Path. No, 
40455) consistéd of the distal half of the stomach. 
When it was opened a large, friable growth was 
found encircling the antrum and partially constrict- 
ing the lumen. It extended upward along the lesser 
curvature 5 centimeters and along the greater for a 
distance of 8 centimeters. The surface of the tumor 
was markedly ulcerated. The stomach wall was 
apparently not infiltrated beyond the visible limits 
of the tumor. No enlarged lymph nodes were felt 
(Fig. 5). 

Microscopic pathology. The growth was composed 
of moderately well differentiated epithelial cells 
growing in a glandular form. There were large de- 
posits of mucus and slight secondary degeneration 
of the epithelium. The growth had invaded the en- 
tire wall including the serosa, but the blood and 
lymph vessels were not involved (Fig. 6). 

There were no metastases. 

Diagnosis: Carcinoma of the stomach, Grade II— 
ulcerating type. 

The patient is symptom free at present one year 
after operation. 

CasE 3. Infiltrating type. Unit Hist. No. 332186. 

Clinical features. H. S., a white female, aged 66 
years, came to the hospital on March 7, 1932, with 
the primary complaint of indigestion, epigastric full- 
ness and nausea. These symptoms had been present 
for 4 months and had gradually increased in severity. 
There had been no previous history of gastro-intes- 
tinal disorders. The last 3 weeks of the illness had 
been characterized by anorexia, loss of strength, and 
occasional vomiting. The patient had lost a total of 
30 pounds in 6 months. 

On physical examination the patient was seen to 
be a cachectic old lady with marked emaciation. In 
the midepigastrium could be felt a tender, slightly 
movable mass about 7 centimeters in diameter. This 
shifted with respiration. 

X-rays (Fig. 7) showed a filling defect involving 
the entire antrum and extending up onto the walls of 
the pars media. This apparently encircled the lumen 
and partially constricted it. The red cell count was 
6,650,000 and the hemoglobin 84 per cent. Acid 
determination on specimen of vomitus yielded no 
free hydrochloric acid. 

The lesion was diagnosed carcinoma and opera- 
tion performed. 

Operation. The abdomen was opened and the 
operator could immediately feel a rather large and 
extensive mass occupying the distal half of the 
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ig. 1. Case 1 (S. P. 23185). Roentgenogram showing 
hi e filling defect primarily on the lesser curvature but 
al.» encroaching upon the lumen from the greater curva- 
tu» and behind. This is typical of a fungating carcinoma. 


st.mach. It was not grossly adherent to surround- 
in, structures and successful removal was thought 
possible. Accordingly a subtotal gastrectomy was 
done after the Pélya-Balfour method and an entero- 
enterostomy. 

Gross pathology (S. Path. No. 47745). The distal 
end of the stomach was occupied by a large, infil- 
trating tumor mass which extended from the py- 
lorus upward for a distance of 12 centimeters on all 
sides. The lumen was almost occluded. The surface 
was indurated but not markedly ulcerated. The 
growth had invaded the entire wall and involved the 
serosa. Enlarged glands were felt along the greater 
and lesser curvatures (Fig. 8). 

Microscopic pathology (Fig. 9). The tumor was 
composed largely of very poorly differentiated cells 
arising from the tips of the crypts and invading the 
entire wall in a non-cohesive manner. There was 
moderate mucous secretion but very little attempt 
at gland formation. The glands were involved by 
tumor cells of the same type. The size and shape of 
the cells varied greatly and the general appearance 
was that of a very malignant tumor. 

Metastases were noted in the superior and inferior 
gastric glands. 

Diagnosis. Carcinoma of stomach, grade IV— 
infiltrating type. 

The patient died 7 weeks after operation from a 
recurrence of the tumor. 


SUMMARY AND CONCLUSIONS 


This leads to the conclusions drawn from 
the study. It is evident that the division of 


Fig. 2. Case 1 (S. P. 23185). Photograph of gross speci- 
men. This shows a huge fungating tumor arising from the 
posterior wall and lesser curvature and almost filling the 
resected portion of stomach. Its outlines are, howevei, 
clearly demarcated. 


carcinomata into three gross types and into 
four grades of malignancy is an inexact classi- 
fication, but when taken with certain pre- 


Fig. 3. Case 1 (S. Pp. poy Low power photomicro- 
a The cells are well differentiated, glandular, cohesive, 
and do not invade beyond the submucosa. There is a 
moderate cellular infiltration. 
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Fig. 4. Case 2 (S. P. 49455). Roentgenogram showing 
an annular filling defect of the antrum. The outlines are 
very irregular indicating an ulcerated tumor. Moderate 
constriction has produced some dilatation of the viscus. 


operative and operative findings these patho- 
logical criteria may be helpful to the surgeon 
in determining the operability and the opera- 
tive procedure, and to both the surgeon and 
pathologist in estimating the prognosis. Only 
when the surgeon and pathologist collaborate 
in the study and become familiar with the 
material as it accumulates, will it aid them. 
The writers would urge that these cases be 
studied clinically and pathologically by a 
combined group of physician, surgeon, roent- 
genologist, and pathologist, in an effort to 
make the diagnosis at the earliest possible 
stage of the disease. Such a combined clinic 
would rapidly repay the time and effort put 
into it, by the durable satisfaction of the im- 
proved results and by the increasing number 
of patients that will be referred or who volun- 
tarily come to such a clinic, the reputation of 
which will rapidly spread. In such a clinic 
both benign and malignant lesions of the 
stomach should be studied by the group, and 
all follow-up visits be seen. It is the return 
visits of patients, bringing with them their 


results, good or bad, whatever the therap 
applied, that make the members of the tear, 
speak the same language and agree upo) 
definite therapeutic policies. 

For such a combined gastroduodenal clini: 
the authors feel that a modification of the pla), 
first suggested by Scott would be highl. 
advantageous. This embodies a clinical classi- 
fication of gastric ulcers whereby the possibly 
malignant cases are definitely segregated an 
given the closest of attention. This classifica- 
tion contains four groups as follows: 

I—Ulcer suspect. 

I1—Ulecer verified. 

I{I—Ulecer verified, carcinoma suspect. 

IV—Ulecer verified, carcinoma verified. 

Group 1 includes a large number of cases 
whose clinical story suggests ulcer but in 
which there is no confirmatory evidence. In 
a large majority of these the symptoms do not 
permit the localization of the lesion, hence 
they must of necessity be classed loosely as 
“peptic ulcers.”” Many no doubt are due to 
the ulcer-mimicking symptoms of other upper 
abdominal pathology. Hence, as Moynihan 
has pointed out, it is far better to base any 
critical study of gastric ulcer on cases in which 
the diagnosis has been proved by operation or 
X-ray. This group is therefore of use pri- 
marily in differential diagnosis and_ their 
treatment should be limited to palliative 
measures. 

Group II contains only those cases in which 
the clinical impression of gastric ulcer has 
been confirmed by roentgenological studies. 
Upon these patients conservative treatment 
is concentrated, ambulatory if possible, hos- 
pitalization if necessary. They are to be 
watched closely for definite signs of improve- 
ment or exacerbation. Those which respond 
favorably to conservative treatment are 
maintained in this group although they should 
be observed closely for indications of a recur- 
rence through the medium of the follow-up 
clinic. This observation cannot be overem- 
phasized for it is not at all unusual for an 
ulcerating carcinoma to show signs of im- 
provement after hospitalization and medica- 
tion. If symptoms are not markedly abatec 
or if they increase, the patient must then b« 
passed on to group three. 


WE 


] 
2.4 sus 
pin 
wn 
tio’ 
0} 
it | 
a ulc 
the 
res 
for 
ha 
— pa 
in 
les 
fre 
ev 
tir 
ye 
me 
be 
na 
ex 
aie 


) 


WHIPPLE, RAIFORD: GASTRIC CARCINOMA IN RELATION TO OPERABILITY 407 


“ig. 5. Case 2 (S. P. 49455). Photograph of gross speci- 
n. This shows a huge ulcerating tumor surrounding and 
istricting the antrum and pylorus. The growth has not 
ended beyond the pylorus and the proximal border is 
il marked. 


In group III, ulcer is verified, cancer is 
si spected. Further treatment varies with the 
puysician or surgeon but this is the stage at 
wich exploration is of most value and resec- 
tion should be done if there is to be the hope 
o! removing the early cancerous lesion before 
it has disseminated. No doubt many benign 
ulcers are resected in this stage but in view of 
the low operative mortality attending gastric 
resection for benign ulcer and the possibilities 
for removal of a potential cancer, one can 
hardly doubt the efficacy of the procedure. 

When the lesion has been proved carcinoma- 
tous beyond reasonable doubt, the patient 
passes into group IV. This differentiation can 
in rare cases be made by the roentgenologist 
who notes a rapid increase in the size of the 
lesion with an appreciable filling defect. More 
frequently the operator who explores finds 
evidence of infiltration and invasion, some- 
times with lymph node involvement which 
bespeaks the presence of malignancy. But 
most often it is not until the lesion is examined 
beneath the microscope that the cancerous 
nature is recognized and the justification par 
excellence for resection is established. 

We have discussed the difficulties of early 
diagnosis for carcinoma of the stomach in 


Fig. 6. Case 2 (S. P. 49455). Photomicrograph. The 
tumor is composed of glandular epithelium which is co- 
hesive, well differentiated, and actively secreting mucin. 
There is evidence of degeneration in the epithelial lining 
of the mucinous cysts. 


general. The delay in diagnosis in the fungat- 
ing type is not so serious as in the other types. 
Both the fungating and ulcerating types com- 
ing to resection are diagnosed by X-ray study 
in well over go per cent. But there are two 
groups of cases that are most difficult to diag- 
nose in the early stage. One is the infiltrating 
type of carcinoma, appearing in the patient 
with no past history of digestive disturbances, 
with the first symptoms those of constitu- 
tional disorder—loss of energy, appetite, and 
weight, and fatigability, or with epigastric 
discomfort but with negative barium X-ray 
studies. This insidious lesion almost always 
remains confined to the gastric wall, inter- 
fering so little with normal gastric function 
that when constitutional symptoms first arise 
the stomach is rarely suspected as the source 
of trouble. 

The second difficult group is composed of 
patients giving a previous history and X-ray 
diagnosis of gastric ulcer, but with insidious 
symptoms of a change in the character of the 
epigastric pain and a failure of diet to control 
it, or in the appearance of the constitutional 
disturbances shown by slight loss of energy, 
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Fig. 7. Case 3 (S. P. 47745). Roentgenogram showing 
a constricting antral defect. Note the smooth outline of 
the stomach wall in contrast to the irregular shadow in 
Figure 4, indicating a tumor of the infiltrating type. 


tumor cells are arising. Mucus is ,being}produced. The 
cells are poorly differentiated, non-cohesive and invasive. 


Fig. 8. Case 3 (S. P. 47745). Photograph of the gross 
specimen showing extensive invasion of the stomach wall 
by tumor. The viscus has been converted into a rigid tube 
and the surface is pebbled and granular but not ulcerated. 


appetite, and weight. Again, this carcinoma 


is of the infiltrating type and of a highly 
malignant IV grade. If the clinician waits 
until the X-ray studies are undoubtedly posi- 
tive for carcinoma, the growth will in all 
probability have extended beyond the con- 
fines of the stomach. 

The criteria of Lahey and Jordon (17) for 
the limits of conservative treatment in these 
cases are well worth noting. They require 
that, within a period of 3 weeks, symptoms 
be completely relieved; that the lesion, by 
repeated X-ray study, must show definite 
decrease in size; and that blood disappear 
from faces and gastric contents. Maes has 
well summarized this important therapeutic 
problem: 


“The only safe plan is to regard as cancer any ir- 
digestion, with or without symptoms, which appeas 
after middle life in a previously well person; to regar | 
as cancer any acute digestive disturbances, in ths 
period, which are superimposed upon chronic dige - 
tive disturbances and which do not respond to rov- 
tine measures; to regard as cancer, or highly su: - 
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picious of it, vague general symptoms of fatigue, 
malaise, mental indifference, insomnia etc., even 
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hough associated gastric disturbances are lacking; 
_ continue to regard as cancer any one of these 
inical syndromes until it is proved beyond the 
< adow of a doubt not to be cancer; and to resort 
, thout delay to exploratory laparotomy, if the 
agnosis cannot be made otherwise. In malignant 
sease the certainty of diagnosis is frequently also 
e certainty of death.” 


Again as Arthur Curtis remarks, 


“It is better to have a less accurate diagnosis and 
» more favorable prognosis.” 


Certain it is that only by operating on these 
i filtrating types of cancer before the tumor 

\ls have passed beyond the stomach walls, 

‘ll the victim be saved. The earlier the 
- rgical attack, the better the prognosis. 

In conclusion it is to be emphasized that 

ily by becoming familiar with the life his- 

ry of the different types of growth and 
gades of malignancy in carcinoma of the 
; omach can we arrive at an estimate of the 
elative operability and prognosis in this 
dreadful disease. 
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CANCER OF THE COLON 


Notes ON Its SuRGICAL TREATMENT! 


FRED W. RANKIN, M.D., F.A.C.S., Lextncton, Kentucky 


ITH the exception of the small 

\ \ / group of cases which present them- 

selves with acute intestinal ob- 
struction, cancers of the large bowel may be 
relegated, in so far as their surgical treat- 
ment is concerned, into the category of chronic 
ailments. This is of not inconsiderable signifi- 
cance in that it allows time to institute pre- 
liminary measures aimed at increasing safety 
factors in the extirpation of these organic le- 
sions. Obstruction unquestionably is present 
in the vast majority of cases of carcinoma of 
the large bowel at some time during their 
existence, varying in degree from the chronic 
variety to acute stenosis. 

Burgess, of Manchester, reviewed a large 
series of cases of acute intestinal obstruction 
and noted that one-third of all cases resulted 
from acute stenosis of the large bowel. His 
statistics showed, moreover, that if one ex- 
cluded hernias and intussusception, and lo- 
calized the lesion to the colon, there were nine 
chances in ten that it was a cancer. Further- 
more, this type of obstruction almost invari- 
ably occurred in the left colon. The reason 
for the difference in occurrence of obstruction 
in the right and left halves of the colon is not 
only the type of faecal content, and anatomical 
construction of the bowel wall, but also the 
pathological variety of growth encountered. 
The scirrhous carcinomata of the left colon 
have a tendency to encircle the bowel lumen. 
The cancers on the right side usually are flat, 
ulcerating, do not encircle the bowel, are 
larger in caliber, and more elastic, and the 
fecal content is liquid. 

In a not inconsiderable experience, I have 
only twice operated upon acute intestinal ob- 
struction due to cancer of the right colon, and 
in both instances the growth was situated at 
the ileocecal valve rather than at the juncture 
of the cecum with the ascending colon which 
is the common location. 

As a rule, obstruction is slow and progres- 
sive, and for that reason a chronic undermin- 


ing of the individual’s resistance, a progressi\ e 
dehydration and desiccation, and intoxicaticn 
take place because the cancer of the colon 
has been present for a period of nearly a ye:r 
before the individual seeks advice. To coni- 
bat such a situation, the institution of pre- 
liminary rehabilitory measures, as well as 
decompression of the bowel, are most advani- 
tageous. Consequently, one may divide the 
phases of the surgical offensive against cancer 
of the colon into one of preliminary prepara- 
tion, operative, and convalescent periods. Of 
these three phases the first is by no means the 
least important in its influence upon hospital 
mortality and operability. To increase the 
individual’s resistance, and to decompress the 
colon itself, is the aim of this preliminary pre- 
paratory period. One might epitomize the 
steps in this sequence by saying that decom- 
pression, hydration, vaccination, and rehabili- 
tation constitute preliminary preparation. 

We have found it advantageous to attempt 
to decompress chronically obstructed colons 
by the employment of mild purgation and 
bowel irrigation over a period of from 3 to 6 
days. In the vast majority of instances, even 
when the obstruction is of the subacute vari- 
ety, one will be rewarded with finding a clean, 
flat colon at operation. I take it that it is per- 
fectly understood that no attempt to decom- 
press an acutely obstructed colon by other 
than surgical methods is ever attempted. To 
do so is folly, and from the patient’s stand- 
point, fatal. Chronic colonic obstruction may 
be well borne for a considerable period, how- 
ever, and repeated efforts to relieve the bowe! 
of its content are well worth while persistin:; 
in for a time. The warm irrigations of norma! 
saline not only rid the bowel of its content bu: 
secondarily they reduce the infection aroun(| 
the growth which is an important circum- 
stance. 

Obstruction and ulceration, as Herrman ha; 
pointed out, increase enormously the per 
meability of the bowel wall and consequent 


Read before the Chicago Surgical Society, November 3, 1933. 
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x ravasation of infective organisms into the 
-icolonic tissues takes place. This is the 
ocess from which lethal peritonitis most 

develops. The graded operations which 
mit sidetracking of the growth or irriga- 

i 1 of the bowel likewise assist in reducing 

. 3 infection during the interval between 
ges, 

Vhile decompression is taking place, hydra- 
i. 1 is accomplished by blood transfusions and 

ingestion of large quantities of fluids, 
« ticularly fruit juices. Within the past year 
ave routinely employed blood transfusions 

ll cases of cancer of the colon and rectum 

re operation, and I believe that it is de- 

i edly advantageous. I have not been gov- 

ed by the hemoglobin index in this matter, 

have felt it decidedly helpful even when 

general condition of the individual seemed 

_ ly satisfactory. A high caloric diet, low in 
due is likewise employed. 

‘he routine use of an intraperitoneal vac- 
cii ¢ of streptococci and colon bacilli was be- 
gui by Bargen and me in 1927 and has been 
cotinued advantageously up to the present 
time. Theoretically, this measure should in- 
crease the resistance of the individual to in- 
fective organisms which are so uniformly pres- 
ent in the pericolonic tissues and about the 
growth itself. We reported a series of cases in 
which there was a large difference in the mor- 
tality rate between the group of 60 cases of 
carcinoma of the colon, vaccinated before op- 
eration, and a control group of unvaccinated 
patients operated upon by the same surgeons. 
Subsequently, in 1931, we reported 222 cases 
of carcinoma of the colon and rectum, in 
which the patients were vaccinated and oper- 
ated upon between January 1 and October 1, 
1929, and 58 cases in which operation was 
done during the course of these months under 
similar conditions, but without vaccination. 
In the large group, 11 deaths occurred from 
peritonitis, while in the small group 13 deaths 
occurred from peritonitis—a mortality of 4.9 
per cent versus 22.4 per cent. I do not believe 
that vaccination accounts for the entire im- 
provement in the hospital death rate. That 
it had a favorable influence, seems to me to be 
obvious, but to abandon all other preliminary 
measures, as well as careful operative selection 
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of cases in favor of its use would, I think, be 
foolhardy. However, as a step in the sequence 
of events aimed at increasing the individual’s 
resistance to infection, I feel that it has proved 
of distinct value. Certainly there are no dis- 
advantages to its employment. 


SELECTION OF CASES 


The selection of cases for operation involves 
the exercise of mature surgical judgment if 
one is to extend the horizon of operability and 
extirpate colonic cancers with a reasonable 
hospital death rate and the hope of satisfac- 
tory ultimate results. While operability must 
be a flexible term with distinct shadings in 
different hands, there are three general prin- 
ciples which I believe are fundamental in the 
acceptance or rejection of a given case for 
radical operation, namely: first, hepatic me- 
tastasis; second, excessive local fixation to the 
abdominal parietes or adjacent viscera; and 
third, the general resistance of the host as 
evaluated in terms of resistance to formidable 
operative procedures. In the first of these 
factors—hepatic metastasis—there is no ques- 
tion of rejection for radical operations, yet in a 
small group of cases in which the local growth 
is readily removed by some type of operation 
without too. high a mortality, I believe the re- 
section is justifiable because of the painless- 
ness of death from liver metastasis in contra- 
distinction to the unhappy demise from a 
fixed, ulcerating, painful cancer. That this 
group is extremely small, cannot be denied, 
but occasionally I have felt it worth while to 
remove an obstructing cancer which is freely 
mobile but inoperable in reality because of 
liver metastasis, in the belief that the period of 
life thus given the individual is made more 
worth while. 

Fixation to adjacent viscera or the abdomi- 
nal wall may, under drainage procedures, 
loosen sufficiently in some cases to allow a sec- 
ondary resection at a later time. One should 
remember that fixation usually comes from 
inflammation rather than from malignant ex- 
tension. With this in mind, a growth con- 
sidered as border-line or inoperable at the 
exploration, may eventually become suffi- 
ciently mobile after the recession of the in- 
flammatory process to allow removal. 
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Again, there is a group of cases in which 
local fixation to adjacent viscera such as the 
bladder or uterus, demands multiple resec- 
tions, such as complete hysterectomy or par- 
tial cystectomy, in addition to resection of the 
colon. I have operated in a number of such 
cases without increasing the mortality, but 
with unsatisfactory ultimate results. I be- 
lieve, however, that such cases may be selected 
with justification under certain circumstances 
and that it is distinctly worth while to give 
these individuals a period of comfortable ex- 
istence and let them return to their work, if it 
may be done without too much operative 
risk. Such procedures should always be con- 
sidered as palliative and as involving a high 
operative risk. Indulgence in speculation on 
the percentage of operability in different 
hands, must necessarily be done with consid- 
erable trepidation because of the many fac- 
tors concerned. My own experience has been 
that an operability of one out of two cases is 
about what may be maintained over a period 
of years. Occasionally it will run as high as 
every two out of three, but more frequently 
one finds the fifty per cent range fairly accu- 
rate. That this should be maintained with an 
operative mortality ranging from 5 to 10 per 
cent, leaves the impression that this is a satis- 
factory standard in this particular field. 


OPERATIVE MANEUVERS 


That a graded operative procedure should 
be employed most often in extirpation of 
colonic growths is, I believe, the experience of 
most surgeons. That there are disadvantages 
to this type of procedure cannot be readily 
denied, yet the advantages seem to me dis- 
tinctly to outweigh them. Technically, choice 
in operations on the two halves of the large 
bowel differs because of the type of patholog- 
ical processes present, the presence or absence 
of obstruction, and local complications such as 
fixation, abscess formation, and attachment 
to adjacent viscera. Nevertheless, because of 
the greater safety of multiple stage procedures 
despite the numerous problems involved as 
well as the inconvenience of two laparotomies, 
I believe their value is proved. In the right 
colon, my choice is an ileocolostomy and ex- 
ploration at the first stage, followed by a sub- 


sequent resection of the right half of the larg: 
bowel. If it seems advisable to accomplish th : 
resection and anastomosis in one stage, I be- 
lieve unquestionably that a complementar - 
ileostomy proximal to the anastomosis shoul | 
be done. I have many times, in operating fo- 
hyperplastic tuberculosis of the ileoczcal coil, 
resected the right colon in one stage, ani 
occasionally I have attacked carcinomata by 
a single operation, but as a rule I believe the 
hazards are too great to undertake it except in 
highly selected cases. 

The ileocolostomy which is done at the pre- 
liminary stage of the multiple maneuver plan 
accomplishes a drainage which in turn permits 
recession of the inflammatory process around 
the growth, and also is of great advantage in 
the patient’s rehabilitation, increasing his 
resistance against another formidable extirpa- 
tive act, and simplifying at the same time the 
secondary procedure. In performing the ileo- 
colostomy, I would emphasize the desirability 
of making the anastomosis end-to-side between 
the terminal ileum and the transverse colon. 
My own choice is to do this over a clamp 
which I have designed, making an aseptic type 
of juncture. This aseptic end-to-side anas- 
tomosis over the clamp is simple of accom- 
plishment, and I think possesses definite 
advantages. The instrument is not bungle- 
some. The procedure may easily be done by 
anyone, and in an experience of 100 consecu- 
tive cases, which include in addition to our 60, 
those cases reported by other surgeons, there 
has not been a single postoperative hemor- 
rhage. This is an objection frequently offered 
against anastomosis done over crushing 
clamps. In my own series there has been no 
instance of obstruction at the site of anasto- 
mosis, nor has there been any leakage at the 
suture line, although two patients died anc 
autopsy revealed evidences of peritonitis in 
one. In this case there was no leakage, and i! 
was the conclusion that the peritonitis cam« 
from the large infected growth. 

In my series of 62 ileocolostomies ther 
were four operative deaths, a percentage o 
6.4. While I do not believe that the aseptic 
type of anastomosis is of paramount impor 
tance, there is little question that the cleane 
the anastomosis, the less likelihood of subse 
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quent contamination, and consequently if one 
may do this anastomosis with the ease and 
comfort with which an open anastomosis may 
be accomplished, and without complications 
of obstruction and hemorrhage, the advan- 
tages are definite. Like vaccination, I con- 
sider the aseptic type of anastomosis as but 
one of a sequence of events aimed at successful 
surgical attack on right colonic cancers. Of 
the utmost importance I think, however, is the 
manufacture of an end-to-side opening between 
the terminal ileum and the transverse colon to 
by-pass the fecal current, thereby reducing 
the local infection, intoxication, and dehydra- 
tion, and the promoting with other measures, 
of rehabilitation. 

The second stage of this maneuver is carried 
out at a later date with from 2 to 6 weeks 
intervening asa rule. This is easily done with 
exploration having been made at the first 
operation and the resection being the main 
matter in hand. At this time one mobilizes 
the right colon, ligates its blood supply, 
divides it between clamps with a cautery, 
turns in the end of the bowel, and peritoneal- 
izes the raw surfaces quickly. It is best to 
drain the retroperitoneal pocket left because 
of the tendency of serum to collect in this 
space and the likelihood of it becoming in- 
fected and forming an abscess. 

When the growth is situated beyond the 
middle of the transverse colon down to as far 
as the juncture of the middle and lower thirds 
of the sigmoid, the choice of operation in my 
hands has been an obstructive type of resec- 
tion when a chronic or subacute obstruction 
has been eliminated by pre-operative precau- 
tion. Let me emphasize the desirability of 
complete pre-operative decompression of the 
bowel before this type of maneuver is em- 
ployed. This obstructive resection, however, 
utilizes all the satisfactory fundamental 
principles of the exteriorization operations 
and avoids most of their disadvantages. In 
mobile segments of the large bowel it has 
proved most satisfactory in my hands. By 
mobilizing the bowel accurately, ligating the 
blood supply in the mesentery, and removing 
thelymphatics and gland bearing tissues in the 
immediate vicinity of the growth, one may in 
this manner perform just as radical a resection 
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as may be carried out by any type of pro- 
cedure. The three bladed clamp is left on the 
ends of the bowel, and the toilet of the peri- 
toneum completed, leaving the colon com- 
pletely obstructed for a period of 48 to 60 
hours. At the end of this period the proximal 
blade is released. If gas has formed in the 
colon it blows open the colostomy, otherwise 
it may be necessary to pick it open with tissue 
forceps. 

The subsequent steps of the operation are 
completed exactly as in the Mikulicz proce- 
dure. We have found these wounds singularly 
free from infection and with a tendency to 
close spontaneously at the end of about 2 
months if enough spur has been removed be- 
tween the two stomas, and the mucous mem- 
brane has not been left attached to the skin. 

There is a distinct advantage in employing 
the Mikulicz operation occasionally, but I feel 
certain that its limitations are much greater 
than are usually conceded by most surgeons. 
It is impractical in cases of adherent growths 
associated with infection of the bowel wall 
and adjacent tissues, and large growths asso- 
ciated with infection or obstruction, and for 
growths in a sigmoid with a short mesentery, 
or in obese patients. My own application of 
it is in thin, elderly individuals without ob- 
struction, possessing a carcinoma in a mobile 
segment of the large bowel and yet physically 
unable to stand any extensive operative act. 
Usually this type of case can be best explored 
under local anesthesia, the bowel brought out 
on the abdominal wall, and the wound closed 
loosely around it. I think that it is never 
desirable to ligate the blood supply of the 
segment of the bowel to be sacrificed in order 
to make it mobile enough to perform an 
exteriorization operation. Under these cir- 
cumstances, the growth and the loop of bowel 
in which it is situated early become black and 
foul-smelling and infection quickly takes place 
not only in the abdominal wound, but occa- 
sionally reaches into the peritoneum causing 
peritonitis. 

Where neither an obstructive resection or 
some type of resection and anastomosis can be 
done because the bowel is insufficiently de- 
compressed, it is desirable to perform either 
a cecostomy or a colostomy as a drainage 
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measure. Subsequent resection of the colon 
may then be carried out either as, first, a re- 
section and anastomosis, or second, as an 
obstructive resection. Czecostomy as a drain- 
age type of maneuver preliminary to subse- 
quent resection of the left colon or rectum is a 
most desirable procedure. If one uses a large 
Pezzer catheter and introduces it into the 
cecum after Hendon’s method, one is able to 
decompress the bowel sufficiently in a period 
of from a few days to a few weeks. It has the 
distinct advantage of placing the artificial 
stoma away from the wound, through which 
the second stage is performed. 

Whipple very aptly summarizes the advan- 
tages of cecostomy as a preliminary measure 
as follows: (1) it makes possible proper 
cleansing of the colon before resection; (2) it 
permits the part anastomosed to be at rest 
until the period of fibroplasia is complete; 
(3) it increases the comfort of the patient by 
reducing the pain of ineffectual peristalsis; 
(4) it obviates the temptation and necessity 
in some cases, of giving enemas and irrigations 
in the critical period of repair; (5) in cases of 
partial or complete obstruction of the colon 
and rectum, it has long been recognized as 
essential and if it works so well for patients 
who are so desperately sick, it is even more 
efficacious in the case without obstruction. 

I have not felt inclined for a long time to 
attempt a primary resection and anastomosis 
in the left colon with or without complemen- 
tary decompression. While I feel certain that 
many times this may be safely done, I believe 
the attendant dangers of primary anastomosis 
are too high to employ it in anything like a 
routine manner. The blood supply of the 
colon is constant but scanty as compared with 
that of the stomach and small bowel. Infec- 


tion is always present to retard rapid healing 
as has been shown by numerous investigators 
who have measured the rate of healing of 
various tissues. 

There is danger of necrosis at the danger 
line of leakage. The question of secondary re- 
section of the left colon then resolves itself in 
deciding whether or not to resect and anasto- 
mose or to do an obstructive resection at the 
second stage. My own experience in doing an 
obstructive type of resection at the second 
stage has been a satisfactory one and I have 
found small additional risk in closing the two 
stomas subsequently over the closing of a 
single one. 

These graded procedures both in the right 
and left halves of the colon, may be under- 
taken as a general rule, with a hospital mortal- 
ity rate ranging from 5 to 10 per cent without 
sacrificing the operability ratio, which should 
rarely be lower than one out of two, or which 
occasionally may run as high as two out of 
three cases. That the prognosis is favorable, 
is easily demonstrated, yet there is ample 
opportunity for improvement if one may re- 
ceive these cases at an earlier period in their 
development. 

I believe that it is undeniably true that more 
patients with carcinoma of the bowel and 
rectum are appearing at an earlier stage, yet 
the average of ten months or more of symp- 
toms prior to examination leaves much to be 
desired. Roentgenographic efficiency in the 
diagnosis of organic lesions of the large bowel 
has been markedly forwarded in the last dec- 
ade. Improvements in technique have fol- 
lowed the diagnostic pace, and a better 
understanding of pre-operative and post- 
operative management has reduced the mor- 
tality curves. 
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FRACTURES OF NECK OF FEMUR, DISLOCATIONS OF HIP, AND 
OBSCURE VASCULAR DISTURBANCES PRODUCING 
ASEPTIC NECROSIS OF HEAD OF FEMUR 


D. B. PHEMISTER, M.D., F.A.C.S., Catcaco 
From the Department of Surgery of the University of Chicago 


tain types of injury are particularly apt 

to damage blood vessels to the head or 
head and neck of the femur. Because of in- 
adequacy of collateral circulation this may 
result in aseptic necrosis of the bone and artic- 
ular cartilage supplied by the damaged vessels 
which is an important factor in the causation 
of non-union of fractures of the neck and flat- 
tening and other deformities of the head, with 
their poor functional results. Santos re- 
ported earlier studies on the subject in this 
clinic and the present report deals with a con- 
tinuation of that work. Interference with the 
blood supply of the head of obscure origin also 
results in similar necrosis and breaking down 
of head, especially during childhood. Aseptic 
necrosis is responsible for deformities and poor 
functional results in fractures of other bones 
bordering on other joints, as of the carpal 
navicular, and the body of the astragalus, as 
previously reported (18). 

The head and mesial three-fifths of the neck 
of the femur lie within the cavity of the hip 
joint. The round ligament connects head with 
acetabulum. The intra-articular portion of the 
neck is covered by a capsule which, during the 
major period of longitudinal growth, functions 
as periosteum, but which in adult life is almost 
completely devoid of osteogenic properties. 
The head and neck considered as a unit may 
receive blood supply from three arteries, 
namely, the posterior cervical, the anterior 
cervical, and the round ligament. It is gen- 
erally agreed that the blood supply of the neck 
is derived from the cervical arteries, largely 
the posterior cervical, but when the blood ves- 
sels of the head are considered, there is much 
disagreement as to the relative importance of 
those coming by way of the round ligament, 
the capsule of the neck, and the interior of the 
neck; also, as to the extent and location of 
anastomosing and end arteries during both 


[ai structure of the hip is such that cer- 


the periods of growth and adult life. In fact, 
the anatomical, pathological, and animal ex- 
perimental evidence which has accumulated 
since Sir Astley Cooper, in 1820, first called 
attention to the subject, would indicate that 
there is a good deal of variation in these ves- 
sels with the individual. 

In the newborn, studies of the injected ves- 
sels with roentgenograms or after clearing by 
the Spalteholtz method, show round ligament 
and capsular arteries sending branches into 
the cartilaginous capital epiphysis. After the 
appearance of the center of ossification there 
is a difference of opinion as to the extent to 
which each of these arteries penetrates it. 
Langer and Lexer, from injection experiments, 
thought that they demonstrated arteries 
from the round ligament which were of impor- 
tance for its blood supply during the period of 
growth. They also found injected vessels 
within the head coming from the superior and 
inferior neck arteries of the capsule, and from 
arteries within the neck which penetrate the 
cartilage plate to reach the center of ossifica- 
tion. Nussbaum (15), in similar studies, found 
few or no injected vessels of the head coming 
from the round ligament, and none penetrat- 
ing the cartilage plate from the neck. He 
thought that the vessels of approximately two- 
thirds of the head came from the superior 
neck artery and of the remaining third from 
the inferior neck artery. 

As to anastomoses and end arteries during 
the period of growth, Langer considered that 
both metaphysis and epiphysis contain end 
arteries but that there are also anastomoses 
between the primary arteries of each region. 
Nussbaum (16), from studies of injection 
specimens, has recently claimed that the 
metaphysis contains end arteries but that 
none are present in the epiphysis. Reports of 
the results of animal experiments are conflict- 
ing. Division of the round ligament in young 
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animals in some instances has produced nec- 
rosis of bone adjacent to the fovea but not in 
others. Bonn and Stewart found little or no 
necrosis after division of round ligament and 
no subsequent flattening of the head. Nuss- 
baum reported necrosis and flattening of the 
bone of the head and thickening of the articu- 
lar cartilage. Zemansky and Lippmann found 
slight necrosis in each of 7 rabbits, 1 of which 
showed flattening of the head after 35 days. 

Experimental bland embolism as reported 
by Wollenberg and localization of pathogenic 
bacteria, which presumably often results from 
embolism, are rarely observed in the epiphyses 
but are seen in the metaphyses. This speaks 
against the existence of end arteries in the 
epiphyses and for their occurrence in the 
metaphyses. Metaphyseal foci only were ob- 
served by Lexer after injections of staphylo- 
cocci, and by Schulze after injections of tu- 
bercle bacilli. 

Stewart found that cutting both round liga- 
ment and vessels of the capsule of the neck in 
young animals results in necrosis of the bone 
of the capital epiphysis more frequently and 
more extensively than division of round liga- 
ment alone, but even then in both dog and 
rabbit it often fails to follow. In such cases 
there must be anastomoses between the inter- 
nal vessels of the neck and the epiphyseal ves- 
sels. These may penetrate the epiphyseal car- 
tilage plate, as claimed by Lexer and Schulze 
or pass about its periphery. 

In adults there are definite anastomoses be- 
tween the vessels of the interior of the neck 
and head. Consequently the head is less de- 
pendent upon the vessels coming by way of 
the neck capsule. Capsular vessels are pres- 
ent, although in some cases they are small and 
of little service in nourishing the head, as 
shown by death of head in fracture of neck, 
even though much of the capsule is untorn 
(Schmorl). 

As to vessels entering the head by way of 
the round ligament during adult life, it is now 
established that they are present in the ma- 
jority of cases but that their size varies greatly. 
Chandler and Kreuscher recently studied 114 
round ligaments from cadavers of persons 
ranging in age from 25 to 75 years. Arteries 
were found in all of them. Fifty ligaments 
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showed vessels with lumina ranging from .o4 
to 1.05 millimeters in diameter. Microscopic 
sections of the fovea were made in some cases 
and the vessels were seen to enter the bone. 
They were of sufficient size to be of impor- 
tance in supplying blood to the head. In the 
remaining ligaments the arteries ranged down- 
ward in size to pre-capillaries and in many 
cases were too small to have played an appre- 
ciable réle in supplying blood to the head. 

The existence of end arteries in the bones of 
adults has been generally denied by those 
studying the subject purely from an anatomi- 
cal standpoint. Necrosis and collapse of the 
head of the femur following dislocation of the 
hip in adults as reported by Chandler and 
Kreuscher and by Stewart, and in this article, 
proves the existence of end arteries in that 
region. Axhausen (3) also found infarcted 
areas in the tibia and femur of an adult as a 
result of vascular blockage. 

Turning from these anatomical and experi- 
mental data to study certain injuries and dis- 
eases of the hip in man, we discover important 
facts about the blood supply of the femoral 
head and the results of its injury which could 
scarcely be elicited in any other way since ex- 
periments happen in nature that cannot well 
be duplicated in experimental animals. They 
will be considered under the head of frac- 
tures, dislocations, slipped epiphysis, injuries 
to vessels alone, and disturbances of vessels 
of unknown cause. 


FRACTURES 


The fractures causing necrosis may be of 
the intracapsular or extracapsular portions of 
the neck or of the greater trochanter. The 
last two are extremely rare. 

Intracapsular fracture of the neck of the fe- 
mur. In this injury the blood supply of the 
head may be maintained through vessels en- 
tering by way of the round ligament or untorn 
portions of the capsule, or by both. It may 
also be either partly or completely destroyed 
in case the vessels coming by way of the neck 
are completely severed and those of the round 
ligament are too small to maintain the circu- 
lation. In that case a part or all of the head of 
the femur becomes necrotic. In the case oi 
either survival or death of the head, the frac- 
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ture may unite.or remain ununited. Conse- 
quently the result will be one of four condi- 
tions: (1) survival of head with bony union; 
(2) survival of head with non-union; (3) nec- 
rosis of head, partial or complete, with bony 
union; (4) necrosis of head, partial or com- 
plete, with non-union. 

It is generally recognized that it is possible 
to determine in 2 to 4 months by clinical and 
roentgenological examination whether or not 
bony union has occurred. However, an im- 
portant fact not generally recognized is that it 
is also possible to determine from roentgeno- 
grams in 2 to 5 months in the great majority of 
cases especially of non-union whether head 
has remained alive or has undergone partial or 
complete necrosis. This information has been 
derived by correlation of roentgenological 
studies of fractured hips with roentgenological 
and pathological studies of heads obtained at 
operation, or entire upper ends of femurs ob- 
tained at autopsy on these cases. Seventeen 
specimens of fractures from 15 days to 4% 
years after injury have been studied in this 
way. They were obtained at operation in 14 
cases and at autopsy in 3. Pathological ex- 
amination showed survival of the head in 3 
cases and partial or complete necrosis of it in 
14. The roentgen diagnosis is possible because 
recognizable differences in density develop 
between the dead and living portions, and 
there is slow creeping replacement of the dead 
bone by spongy living bone of low density. 

Since these diagnostic methods have been 
used, 49 cases have been studied in which suffi- 
cient time had elapsed to make it possible to 
say from roentgenograms, and in 17 of the 
cases from pathological examination, whether 
the head was alive or necrotic, and whether 
there was union or non-union. The results 
were as follows: survival of the head—r7 cases, 
with union in 8 cases and non-union in 9; 
necrosis, partial or complete, of the head—32 
cases, with union in 4 and non-union in 28. 
Thus, there was bony union in 25 per cent of 
all cases. The head survived in one-third of 
the cases and there was bony union in approxi- 
mately half of these. In two-thirds of the 
cases the head underwent partial or complete 
necrosis, and there was bony union in only 
one-seventh of these. This shows the great 
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importance of necrosis in the proximal frag- 
ment as a cause of non-union of intracapsular 
fractures of the neck of the femur. However, 
the series most probably gives an exaggerated 
picture of the frequency with which necrosis 
of the head of the femur occurs, since it does 
not represent a series of fresh cases; most of 
them were studied long after the hip frac- 
tured because of a bad result, and when non- 
union was found to exist. 


INTRACAPSULAR FRACTURE OF THE NECK WITH 
SURVIVAL OF THE HEAD AND BONY UNION 


Knowledge of the subject has been derived 
largely from long term roentgenological studies , 
and pathological studies of recent cases, only 
1 late case, No. 12 of Santos, having been 
studied pathologically. 

The fracture is in the mesial portion of the 
neck. In the great majority of cases of intra- 
capsular fractures of the neck, regardless of 
whether the head remains alive or the fracture 
unites the periosteum or capsule of the neck is 
torn in only a part of its extent (Schmorl), 
the posterior portion being especially apt to re- 
main intact. The blood supply of the head is 
preserved by the vessels of the round ligament 
or/and of the untorn portion of capsule. It is 
difficult to say which of the two is the more 
important. Three fractures of the neck with 
survival of the head, in this series, were stud- 
ied at autopsy 15 to 24 days after injury, and 
all were found to have a portion of the capsule 
untorn. Transverse sections of the untorn 
capsule in 2 cases showed vessels that were 
large enough to play a considerable réle in the 
blood supply of the head. Figure 1, Case 1, 
gives some idea of the extent of untorn capsule 
that may be present. It shows an intracapsu- 
lar fracture of the neck in an 80 year old man 
who died 3 days after injury. In the anterior 
view the fracture and intact round ligament 
and in the posterior view the untorn portion of 
capsule are shown. While it was too early to 
determine whether the head was dead or alive, 
microscopic examination of the untorn cap- 
sule showed the presence of blood vessels of 
considerable size. 

The sequence of pathology when the head 
remains alive and union takes place is as fol- 
lows: The apposition and fixation of fragments 
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is usually satisfactory as otherwise non-union 
is the result. Union occurs most often when 
the fracture is impacted. Necrosis of cortex of 
both fragment ends for a short distance back 
from the fracture is to be expected as it is a 
regular occurrence in fractures of other loca- 
tions, as shown by Cornil and Coudray. It 
was observed in Cases 2 and 5 of this series in 
which the time elapsed was sufficient for dis- 
appearance of the dead bone cells but insuffi- 
cient for erosion of the end of the distal frag- 
ment. In some cases bony union occurs with 
preservation of neck fragments, especially 
when there is impaction. The callus forms 
almost entirely within the neck, the perios- 
teum showing practically no osteogenic ac- 
tivity. The callus ossifies and practically no 
deformity is left except that which results 
from angulation of fragments. This and the 
increased density at the fracture line make it 
possible to locate the seat of the fracture in 
roentgenograms in some cases years after 
healing has occurred. Atrophy of disuse de- 
velops during the period of immobilization 
and healing. This is evenly distributed, being 
as marked in the head as in the distal fragment 
and acetabulum. The head never collapses 
and the articular cartilage is not destroyed. 
With resumption of function, after union is 
complete, the bone gradually increases in den- 
sity and after several months the density may 
return to normal. Ifthe position of the head has 
been much altered new trabecule will be 
formed in it along the new lines of weight 
bearing. Increasing age does not appear to 
lessen the frequency of survival. In one case 
there was bony union and survival of head in 
a woman, aged 96 years, as shown by a series 
of roentgenograms during 4 succeeding years. 

The X-ray diagnosis of survival of head and 
bony union may be made on the following 
points: There is uniform reduction of density 
of all of the bones of the hip during the period 
of immobilization and healing the change being 
as marked in head as in distal fragment of 
femur. Density develops along the fracture 
line from callus formation. With resumption 
of function the density of the bones gradually 
and uniformly increases until it is as heavy as 
before. There is no sign of collapse of the head 
or narrowing of cartilage space of joint. 


Figure 2 is a roentgenogram of the hip of 
Case 14, reported by Santos, showing the con- 
dition 5 years after fracture. The function of 
the hip is normal. The head is angulated 
slightly outward, and there is an irregular line 
of increased density along the site of the old 
fracture. The density is of the same degree an< 
uniformity in the head as in the shaft and the 
shadows of articular cortex and cartilage space 
of the joint are intact. 

The pathological changes in the early stages 
of neck erosion are illustrated by Case 2. 


A female, aged 75 years, fractured the neck of the 
right femur 15 days before death. In addition to the 
fracture of the neck the capsule was torn anteriorly, 
but the posterior portion of capsule was intact. The 
distal fragment was upwardly displaced and its cor- 
tex had gouged into and eroded cancellous bone of 
the proximal fragment. This is shown in a micro- 
scopic section through head and neck (Fig. 3). 
Microscopic examination showed the bone alive in 
both proximal and distal fragments except along the 
fracture lines. There was death of cortex of the 
distal fragment for '4 to 1 centimeter back from the 
fracture line. Fibrous callus filled the cancellous 
spaces on both sides of the fracture to a depth of 
'% to 1 centimeter and bony trabecule along the 
surfaces were dead, fragmented, and in many places 
ground into the underlying cancellous spaces as shown 
in Figure 4. 


Erosion of the neck was well under way in 
this case, and there was considerable necrosis 
of cortex of the distal fragment adjacent to the 
fracture line. Non-union might have been the 
result but delayed union after more erosion 
of the neck might have occurred. 

In other cases of fracture of the neck with 
survival of the head, the neck fragments may 
be extensively eroded over a period of months 
as a result of incomplete fixation and friction. 
Callus may then be thrown out and bony 
union between the head and stump of neck 
may take place giving a satisfactory functional 
result. This was true in Case 12 of Santos’ 
series which was confirmed at autopsy 4) 
years after injury. 

Cask 3. This illustrates survival of the head wit! 
markedly delayed union and partial erosion of neck 
fragments. A female, aged 56 years, fell on the leit 
hip and sustained an intracapsular fracture of the 
neck (Fig. 5). Treatment was by the Whitman ab- 
duction cast method for 53 days at which time 4 


roentgenogram (Fig. 6) showed the fragments in 
good position and regional atrophy as marked in the 
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head as in the distal fragment. Callus formation was 
questionable. Because of coexisting chronic polyar- 
thritis the treatment from this time onward was by 
rest in bed. Figure 7, 131 days after injury, shows fur- 
ther regional atrophy uniformly distributed and up- 
ward displacement of the lower fragment with con- 
siderable erosion of fragment ends. A roentgenogram 
8’, months after injury showed beginning bony union. 
Figure 8 shows bony union complete 14!2 months 
alter injury, and Figure 9 the reconstructed neck and 
the partially reconstructed malposed head at the 
end of 2 years and 5 months. There is some irregu- 
larity of articular cortex and cartilage space at the 
top of the head which is probably the result of the 
degenerative arthritis attributable both to the coexist- 
ing disease and to the malposition following the 
fracture. Uniform atrophy of disuse is still present. 

[his case emphasizes the necessity for con- 
tinued treatment in the presence of delayed 
union, in the hope bony callus may form late, 
even after considerable erosion of the neck. 

Occasionally degenerative arthritis devel- 
ops many years after bony union of an intra- 
capsular fracture with apparent survival of 
the head and a good functional result. 

Case 4. Figure ro shows roentgenograms of the 
hip joint of a female, aged 72, who to years previ- 
ously sustained an intracapsular fracture of the 
femoral neck which was treated by the abduction 
cast method for 4 months. There was complete re- 
turn of function and freedom from pain for 84 years. 
She then developed pain on walking which persisted 
and finally led to slight limitation of motion. Fig- 
ure 10, left, taken ro years after injury shows slight 
narrowing of the cartilage space and sclerosis of 
bone along the weight bearing portion of the joint. 
The symptoms progressed slowly. Figure ro, right, 
the condition 2 years later. Cartilage space is lost and 
subchondral sclerosis is marked in both head and ace- 
tabulum in the weight bearing portion. Slight coxa 
valga and irregularity at the fracture line are still 
present as evidence of the old, healed fracture. 


The reason for the arthritis is not clear. 
Keefer and Myers have called attention to 
degenerative arthritis in various joints follow- 
ing trauma. There exists the possibility that 
in this case the head suffered necrosis and was 
completely transformed without collapse, but 
the very long period of freedom from symp- 
toms following the fracture speaks against it. 


INTRACAPSULAR FRACTURE OF THE NECK WITH 
SURVIVAL OF THE HEAD FOLLOWED BY 
NON-UNION 


If the head remains alive and the fracture 
fails to unite, there is always gradual erosion 
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of the neck fragments which continues until 
the proximal portion of the neck is destroyed, 
leaving only the head in the acetabulum. In 
some cases a considerable amount of distal 
fragment of neck persists, especially in its 
lower portion. Figure 11, Case 5, shows the 
marked erosive effect of the more dense infe- 
rior cortex of distal fragment on the proximal 
fragment when the hip is not immobilized. 
It is a roentgenogram of the upper end of the 
femur excised from a go year old woman who 
sustained a mesial neck fracture (untreated) 
20 days before death from pneumonia. The 
posterior capsule of the neck was untorn and it 
and the round ligament contained blood ves- 
sels ample to keep the head alive. The lower 
cortex of distal neck fragment which had 
severely eroded head showed extensive nec- 
rosis of bone cells. 

Atrophy of disuse gradually develops and 
becomes marked. It is of equal intensity in 
both head and distal fragments. The head re- 
tains its form and the cartilage space of the 
joint is preserved. 

Case 6 illustrates the gradual erosion of the 
neck and the extreme even reduction in den- 
sity which eventually ensues. 


Case 6. A female, aged 53 years, fractured the 
neck of the left femur, as shown in Figure 12. A 
Whitman abduction cast was applied for 76 days at 
the end of which time a roentgenogram (Fig. 13) 
showed marked regional atrophy uniformly dis- 
tributed in both fragments and questionable callus 
formation. Motion was then allowed and the patient 
walked on crutches. Figure 14 shows the result 11 
months after fracture. Neck fragments are eroded 
and there is extreme regional atrophy which is 
equally marked in pelvis, head, and distal fragment, 
indicating the survival of the head with non-union 
of fracture. 


If the non-union is successfully treated by 
open operation, the atrophy of disuse gradu- 
ally disappears with the resumption of use and 
a good functional result is obtained. This is 
illustrated by Case 7. 


CasE 7. A female, aged 45 years, sustained an 
intracapsular fracture of the neck of the femur which 
was treated for 128 days by an abduction cast com- 
bined with extension. A roentgenogram, Figure 15, 
then showed upward displacement and non-union of 
the fracture with marked but uniform regional atro- 
phy affecting equally both head and distal fragment. 
The shadows of the fragments of the lower portion 
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of the neck overlap giving a dense appearance. The 
patient was then operated on by Dr. Donald C. 
Keyes, the fragments being reduced and fixed by an 
autogenous tibial graft. Figure 16 shows bony union 
10 weeks later but both head and distal fragment 
are still uniformly atrophied. Use of the limb was 
then resumed and the function gradually returned 
almost to normal, with freedom from pain. Figure 
17, taken 23 months later, shows density restored to 
normal and equal in the two fragments with preser- 
vation of articular cortex and the normal width of 
cartilage space. 


Bony union was obtained in another pa- 
tient operated on similarly 1o months after 
fracture. 

When there is non-union and a living head, 
operation with appropriate approximation and 
fixation of head to shaft offers good chances of 
bony union. The Brackett operation or its 
modification by Magnuson has given success- 
ful results. An autogenous bone graft, as em- 
ployed in this case, is probably the best mate- 
rial to use for fixation although screws and 
nails, such as the one devised by Smith- 
Peterson, have also been used with variable 
degrees of success, and are more easily ap- 
plied. 

Cases of non-union with living head that 
are left untreated for long periods usually 
show marked atrophy and upward displace- 
ment of the trochanter. After neck erosion is 
complete, a cortex usually forms along the 
eroded surfaces and adhesions develop be- 
tween these and the capsule which, on exami- 
nation at operation or autopsy, may be found 
infolded. With fibrous fixation there may be 
a gradual increase in weight bearing power of 
the hip, and the patient may be able to do a 
moderate amount of walking without crutch 
or cane. With usage the density of the bones 
gradually increases and new trabecule may 
be laid down in the head as a result of pres- 
sure of distal fragment upon it in an abnormal 
direction. The cartilage space and the shad- 
ows of articular cortex are preserved in such 
cases. The late result is illustrated by Case 
8. 


Case 8. A male, aged 68 years, suffered a fracture 
of the hip 12 years previous to examination. Non- 
union with shortening of the limb resulted but he 
had been able to do a moderate amount of walking 
without crutch or cane for ro years with but little 


discomfort. A roentgenogram (Fig. 18) showed com- 
plete loss of neck with close approximation of head 
and intertrochanteric region and increased density 
indicating osteosclerosis along the eroded fracture 
surfaces. The density of the bones of the hip was 
slightly reduced but was equal in head and sur- 
rounding bone. Cartilage space of the joint was of 
normal width. The bony trabecule of head and inter- 
trochanteric region were irregularly arranged as a 
result of stresses acting on the fragments in malposi- 
tion. 


It has been found at operation that a living 
head in case of non-union is usually free from 
adhesions over its articular surface. This 
probably accounted for the wide range of mo- 
bility in 2 such cases in this series in which 
bony union followed a bone pegging operation. 


INTRACAPSULAR FRACTURE OF THE NECK WITH 
NECROSIS OF HEAD FOLLOWED BY NON- 
UNION 


Necrosis of a part or all of the head follows 
fracture of the neck if the blood supply is too 
extensively cut off by the injury. Schmorl, 
Hesse, Nussbaum, and Santos have described 
the pathological changes in several cases. 
Fourteen excised heads showing partial or 
complete necrosis have been examined patho- 
logically in this series. They were removed 
from 2 months to 4% years after the fracture 
occurred and showed not only different 
amounts of necrosis but also different degrees 
of organization of the necrotic portion. In 6 
cases the necrosis appeared to have been total, 
in 3 cases partial, and in 5 cases the examina- 
tion was made so long after injury and the 
transformative changes were so marked that 
it was impossible to determine whether the 
necrosis had been partial or complete. 

In 15 additional cases the diagnosis of nec- 
rosis in the femoral head has been made from 
roentgenological examination only, based on 
criteria established by the correlation of patho- 
logical and roentgenological findings in the 
other group. 

If capsule of neck is completely torn there is 
much greater likelihood of necrosis than if it is 
partially intact. However, complete necrosis 
may occur when much of the capsule is in- 
tact, as in Case 8 reported by Santos. Necro- 
sis may occur in the presence of impaction o! 
fragments as shown by the same case. 
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g. 1. Case r. Five days after injury. a, Anterior 
’; neck fractured and capsule torn. b, Posterior view; 
ule untorn. 


“he early changes which occur in the nec- 
ic area consist of disappearance of the cells 
o| )oth the bone and the marrow. If a portion 
oi the head remains alive, it is likely to be 
n. ir the fovea or in the inferior part where the 
bi.od supply is derived from round ligament 
or untorn capsule. Atrophy of disuse gradu- 
al'v develops in the distal fragment, in ace- 
tayulum and in case of partial necrosis in the 
surviving portion of the head. The necrotic 
bone does not atrophy but retains its original 


Fig. 3. Case 2. Section of upper end of femur showing 
15 day old intracapsular fracture of neck with survival of 
head. Fibrous callous in fragment ends. Death of cortex 


of distal fragment of neck beyond points a and b. 
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Fig. 2. Healed intracapsular fracture of neck with sur- 
vival of head 5 years after injury. Equal degree of density 
of head and shaft. 


density. Consequently after 2 to 4 months 
of disuse it casts a heavier shadow in roent- 
genograms than the surrounding atrophied 
living bone. The neck fragments are gradually 
eroded. The dead bone is gradually invaded 
by connective tissue which replaces the dead 
marrow. If the entire head is dead the inva- 
sion is by way of the round ligament and un- 
torn portions of the capsule in the earlier 


Fig. 4. Case 2. Photomicrograph showing fibrous 
marrow and eroded dead trabecule along the surface 
of the fragment end, a; bone and marrow of deeper por- 
tion alive, b. 
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Fig. 5. 

Fig. 5. Case 3. Fresh intracapsular fracture of neck. 

Subsequent figures show survival of head and delayed 
union. 

Fig. 6. Case 3. Fifty-three days after receipt of in- 

jury. Atrophy was equally marked in both the frag- 


stages; later it may be by way of adhesions. 
If a portion of the head remains alive, con- 
nective tissue grows out from its margin and 
invades the dead bone. 

Behind the zone of invasion comes a zone of 
transformation of the dead bone. The invading 
connective tissue of the marrow spaces is em- 


bryonal and differentiates into bone and bone 
marrow. Some of the old bone is absorbed 


Fig. 6. 


Fig. 7. 


ments, indicating the survival of the head. 

Fig. 7. Case 3. Roentgenogram 131 days after injury 
Delayed union, displacement of fragments, and some cro- 
sion of neck. Atrophy equal in the two fragments. Sur. 
vival of head and delayed union of fracture. 


while some of it has new bone laid down on its 
surface and is gradually replaced by it through 
the process of creeping substitution. Wher- 
ever new bone is laid down new bone marrow 
containing both hemopoietic and fatty cells 
is also formed. The new bone is usually much 
more spongy than the old bone which it has 
replaced and defects are sometimes left filled 
with marrow which in the X-ray give a cystic 


Fig. 8, left. Case 3. Bony union 14% months after injury. Atrophy still equal in 


the two fragments. 


Fig. 9. Case 3. Reconstructed neck and newly formed trabecule in weight bearing 
portion of head and neck 2 years 5 months after injury. 
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Fig. 10. Case 4. Intracapsular fracture of neck with survival of head and bony 
union. Arthritic symptoms began 8% years after injury. Left, roentgenogram after 


1o years; right, after 12 years. 


«ppearance. The rate of connective tissue in- 
vasion and creeping substitution of the dead 
bone is slow, requiring several months to 


years for completion, depending largely on the 
extent of the necrotic area. 

Articular cartilage very slowly dies when its 
underlying bone is necrotic as the great bulk 
of the nutrition comes from the bone. How- 
ever, some nutrition comes from the synovial 
(luid as shown by Nussbaum and cartilage 
cells are sometimes kept alive by it for long 
periods. If the underlying dead bone is rap- 
idly absorbed and replaced by new bone the 
cartilage may be revived and persist. This 
was observed in animal experiments to be re- 
ported and in one human case 2 months after 
fracture. Pieces of cartilage chipped off by 
the fracture may remain free in the joint. 
Their surviving superficial cells may prolifer- 
ate and after years form oval loose bodies 
nourished by the synovial fluid as was found 
at operation in 2 cases of this series. The nu- 
clei of the dead cartilage on the head break 
down very slowly and those near the bony 
attachment sometimes may not completely 
disappear for 2 or 3 years. The dead cartilage 


is usually slowly absorbed in the course of 3 
or 4 years and replaced by a thin layer of fib- 
rocartilage or fibrous tissue. Sometimes the 
opposing articular cartilages become adherent 
and are simultaneously absorbed narrowing 
the cartilage space of the joint. Articular car- 
tilage overlying living portions of the head re- 
mains alive. 


Fig. 11. Case 5. Erosion of deep hole in head by inferior 
cortex of lower fragment 20 days after intracapsular frac- 
ture in go year old woman. 
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Fig. 13. 


Fig. 12. Case 6. Fresh intracapsular fracture of neck of 
femur. Female, aged 53 years. 

Fig. 13. Case 6. Seventy-six days after fracture. Re- 
gional atrophy is equally marked in both fragments, 


Case g illustrates partial necrosis of the 
bone and cartilage of the head with fibrous 
invasion and creeping replacement of the dead 
bone by new bone, in the act of occurrence. 


CasE 9. Female, aged 65 years, a teacher, frac- 
tured the intracapsular portion of the neck of the 
left femur and was treated for 20 weeks by the 
Whitman abduction cast method. A roentgenogram 
152 days after injury revealed non-union with some 
erosion and displacement of fragments (Fig. 19). 
The pelvis and distal fragment showed reduction in 
density. Most of the superior and lateral portions 
of the head were denser than the surrounding bone 
and the shadows of the trabecule were as heavy as 
those of normal bone. The mesial portion about the 
fovea and the inferior portion were greatly reduced in 
density. The diagnosis was made of non-union and 
extensive necrosis in femoral head. Because of the 
necessity for restoring the economic efficiency of the 
patient as rapidly as possible, an operation for anky- 
losing the hip was carried out. At operation the 
fracture was found ununited and the neck fragments 
extensively eroded. A portion of the capsule was un- 
torn posteriorly and the round ligament was intact. 
The head was excised, the cartilage of the acetabu- 
lum removed, the greater trochanter denuded and 
inserted into the acetabulum, and a whole thickness 
onlay tibial graft inserted. Bony union was present 
after cast immobilization for 12 weeks and walking 
was resumed after 5 months. 

The neck portion of the proximal fragment was 
completely eroded. The articular cartilage was 


Fig. 14. 
indicating survival of the head; union is questionable: 
Fig. 14. Case 6. Eleven months after fracture. Atrophy 


equally marked in both fragments. Neck eroded. Survival 
of head and non-union. 


smooth and intact except where destroyed by erosion 
at the upper margin. A coronal section '2 centimeter 
thick was cut through the middle of the head, pass- 
ing through the fovea. There was an irregular area 
bordering on the fovea and the inferior portion of the 
head which was dark gray in color and contained 
fine, spongy bone. The lateral and superior portion 
was lighter in color and composed of dense bone. The 
subcortical portion at the top of the dense area was 
yellowish in color. A fibrous band could be seen 
along the irregular line of junction of the dense and 
porous portions. A roentgenogram (Fig. 20) of the 
slice confirms the difference in density between the 
inferomesial and the superolateral portions and 
shows the normal arrangement of the old trabecule 
of the latter. Cortex above the fovea is of normal 
density while that below is irregularly reduced in 
density. A microscopic section of the slice (Fig. 2:) 
confirms the size and arrangement of the trabecu! 
in the two regions. On high power examination it 
was found that the articular cartilage and the oll, 
dense bone in the superior and lateral regions weve 
dead and that cancellous spaces of the bone wee 
occupied by fibrous marrow except at the top whee 
the old dead marrow was still present (Fig. 22). 
Dead or nicrobiotic cartilage and dead bone with 
cancellous spaces filled with fibrous marrow are sec 0 
in Figure 23. The inferomesial portion showed li - 
ing bone and hemopoietic marrow, the bony tr - 
becule being very small and irregularly arrange. 
The articular cartilage from the inferior margin f 
the fovea downward was alive except for a sho t 
stretch at the neck margin, and its bony cortex w: s 
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Fig. 


Fig. 15. 


ig. 15. Case 7. Roentgenogram which was taken 128 
s after the fracture occurred. Atrophy is equal in 
head and in the shaft. There is non-union with sur- 
il of the head. 

‘ig. 16. Case 7. Roentgenogram to weeks after the in- 


‘remely thin and in places incomplete (Fig. 24). 

is indicates survival of articular cartilage and 
s. ne of bone of the inferior portion of the head due 
to preservation of its blood supply through round 
ligament and perhaps untorn capsule. The cells of 
the dead. cartilage over the superior portion had 
largely disappeared. Creeping replacement of dead 
bone and fibrous marrow by living bone and hemo- 
poietic marrow is seen along the entire junction of 
the dense with the rarefied bone (Fig. 25). 


Conclusions in this case from pathological 
examinations are that, as a result of the in- 
jury, all of the head except probably the re- 
gions of the fovea and the more superficial 
portions of the inferior part had blood supply 
cut off resulting in necrosis and non-union. 
The living cartilage on the under side of the 
head changed but little. The bone which rv- 
mained alive underwent atrophy. There was 
fibrous invasion of the marrow spaces of all of 
the dead bone except an oval area at the top 
of the head, and creeping replacement was 
well under way in the dead bone bordering on 
the old bone that remained alive. It is almost 
impossible to distinguish between atrophied, 
old, living bone and the new bone which has 
replaced the old, dead bone except along the 
border where creeping replacement is actively 
going on. For this reason it is impossible to 
know how much of the live bone is old atro- 


16. Fig. 17. 


sertion of an autogenous bone peg. Atrophy is still equal in 
the two fragments. 

Fig. 17. Case 7 Twenty-three months after operation. 
Bony union, density increased and uniform in both frag- 
ments;cartilagespace preserved; living head and bony union. 


phied living bone and how much is new bone 
that has replaced dead portions. 

Complete necrosis of the head is well illus- 
trated by Case 2 of the series reported by 
Santos. Sixteen months after injury there was 
non-union of the fracture with erosion of the 
neck fragments. The head cast a uniformly 
dense shadow while the surrounding bone of 
pelvis and distal fragment showed marked re- 
duction in density from atrophy of disuse 
(Fig. 26). A section of the excised head (a) 


Fig. 18. Case 8. Non-union and survival of head 12 
years after fracture. Atrophy uniform in the two frag- 
ments. Cartilage space of joint preserved. 
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Fig. 19. Case 9. Roentgenogram 152 days after frac- 
ture. Non-union and necrosis of most of the head; superior 
and lateral portions of head necrotic and dense; inferior 
mesial portion of head and distal fragment alive and 
atrophic. 


showed some absorption of bone about the 
fovea with connective tissue invasion of the 
marrow space of its mesial half. The remain- 


Fig. 21. Case 9. This photomicrograph confirms the 
findings demonstrated in Figure 20. Dead bone and 
marrow unchanged at a, dead bone and fibrous marrow 
at b, atrophic old living bone c, and irregular zone of 
creeping replacement along line of junction of dense and 
rarefied portions, d. 


AND OBSTETRICS 


Fig. 20. Case 9. Roentgenogram of slice of excised 
head shows old trabecule unaltered in superior and lateral 
portions, a; inferior and mesial portions adjacent to fovea 
greatly reduced in density, b. 


ing whitish portion next to eroded neck sur- 
face still consisted of dead bone and uninvaded 
dead marrow. A roentgenogram of a slice of 
the head (6) shows that the old bone is still 
present except for a small area near the fovea 
where it was found on microscopic examina- 
tion to be replaced by spongy new bone. All 
of the articular cartilage was dead, and some 
of it was replaced by fibrous tissue. The case 
illustrates the slowness with which fibrous in- 
vasion of the dead bone takes place and the 
marked delay which there may be in the creep- 
ing replacement of the dead bone by new bone. 
The diagnostic value of the difference in den- 
sity between the dead bone and the atrophied 
living bone of pelvis and shaft is strikingly 
brought out in the roentgenogram. 

That necrosis of the head is a factor in the 
causation of non-union is demonstrated in 
Case ro. 


Case 10. A female, aged 63 years, sustained an 
intracapsular fracture of the neck of the left femu’. 
A roentgenogram showed marked upward displac - 
ment of the distal fragment. At operation 2 days 
after injury, the capsule of the neck was found con - 
pletely torn. The fragments were approximated ard 
fixed by a Smith-Peterson nail. Immobilization w: s 
continued for 2 months in a body and leg plast rt 
cast. A roentgenogram 66 days after injury (Fi:. 
27) showed accurate approximation of fragments ar d 
questionable union. The shadow of the head a)- 
peared to be slightly denser than that of distal fra - 
ment, suggesting death of the head. The patiei t 
walked with crutches and after 4 months bore son e 
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PHEMISTER: 


s. 22. Case 9. Dead bone, cartilage, and marrow at a 
zure 21. 
s, 23. Case 9. Dead cartilage and bone with cancel- 


<ht on the limb. A series of roentgenograms 
sh ved gradual absorption of neck and upward dis- 
ple ement of shaft, with downward tilting of the 
na. Atrophy of disuse increased in pelvis and shaft 
of ‘emur. The head of the bone, however, remained 
dense except in the regions of the fovea and mesially 
below the nail, where a gradually enlarging area of 
reduced density developed. Figure 28 shows the 
condition 13% months after injury. A roentgeno- 
gram 134 years after injury showed further trans- 
formation with only about two-fifths of the old dense 
area remaining. The nail was then removed, which 
lessened the discomfort on walking which the pa- 
tient had experienced for more than a year. 


A small amount of head supplied by blood 
through the ligamentum teres may have re- 
mained alive about the fovea and atrophied 
but the gradual enlargement of the area of re- 
duced density was undoubtedly brought about 
by creeping substitution of the dead bone by 
spongy new bone. However, cases of necrosis 
in femoral head with non-union of short dura- 
tion, in which neck erosion is absent or not 
marked, may be operated on and bony union 
obtained followed by rapid creeping substitu- 
tion of the dead bone by new bone. The head 
should be adequately protected from weight 
bearing during the period of transformation in 
order to avoid breaking down of the dead bone 
and deformity. A good result was obtained in 
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lous spaces filled with fibrous marrow at 6 in Figure 2r. 
Fig. 24. Case 9. Living cartilage and atrophied old liv- 
ing bone at c in Figure 21. 


Case 14 (Fig. 38) of this series, although a 
small portion of the head was detached. 

Case 11 shows the slow rate of transforma- 
tion of the dead bone in long standing necrosis 
of the upper part of the head and the satisfac- 
tory result which was obtained after bony 
union obtained by the Brackett operation. 


CasE 11. A female, aged 58 years, fractured the 
neck of the femur 3 years before admission. She was 
treated originally by bed rest with weight extension 
for 3 months, after which she walked with crutches. 


Fig. 25. Case 9. Junction of dead and new living bone 
at d in Figure 21. Creeping substitution of dead bone and 
fibrous marrow a by spongy living bone and hemopoietic 
marrow 
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Fig. 26. Sixteen months after fracture. Non-union and 
complete death of head. Excised head, a, shows fibrous in- 
vasion mesially, b, slight absorption and bony replacement 
at fovea. Light portion laterally uninvaded. Old dead 
trabeculz shown in roentgenogram of slice. 


A roentgenogram on admission (Fig. 29) showed non- 
union of fracture and loss of femoral neck. Pelvis 
and shaft of femur showed great reduction in den- 
sity. The density of the head of the femur was 
greatly reduced, except at the top, where a cone- 
shaped area had the original density of the bone. 
Cartilage space of joint was normal in width, and the 


shadow of articular cortex of head was intact, 
although greatest over the dense area. A diagno: is 
was made of necrosis in the head of the femur, t)e 
original extent of which could not be stated at this 
time but an island of which still persisted. 

A Brackett type of operation was performed |v 
Dr. C. Howard Hatcher which gave bony union after 
10 weeks of plaster cast fixation. A useful movable 
and almost painless hip was obtained with 2% inches 
of shortening of the limb. Figure 30 shows the result 
11% years later. Dense new bone formed across the 
fracture line and replaced old dense bone in the 
weight bearing portion of the head. 

The case shows that after the dead bone has 
been largely replaced by living bone, an opera- 
tion may result in union of the fracture and a 
useful limb. 

In the course of a few years all of the dead 
bone may be replaced by new bone, and the 
dead cartilage by fibrocartilage or fibrous tis- 
sue. The head then consists of spongy bone 
with a frail and irregular articular cortex. The 
cartilage space of the joint is usually nar- 
rowed. There may be cavity-like areas in the 
head. These features may make possible the 
X-ray diagnosis of complete substitution of a 
partial or complete necrosis of the head, as in 
the following instance. 

CasE 12. Female, aged 53 years, sustained an 
intracapsular fracture of the neck of the femur which 


Fig. 27, left. Case 10. Roentgenogram 66 days after injury. Nailing 2 days after 
injury. Slightly greater density of head suggests that it is necrotic. 

Fig. 28. Case 10. Thirteen and one-half months after injury. Non-union of frac- 
ture and necrotic head; reduced density in medial and inferior parts of head indicates 
creeping substitution of dead bone by new bone. 


428 
& 
4 


PHEMISTER: ASEPTIC NECROSIS OF HEAD OF FEMUR 


wos treated by Whitman abduction cast for 2 
months followed by bed rest for 12 weeks. A roent- 
g nogram (Fig. 31) taken 11 months after injury 
showed non-union, erosion of neck fragments, and 
luction in density of the hip bones except in the 

» per and lateral portions of the head, where the 
ginal bone density was preserved. The density of 

| lower part of the head was much reduced. The 
gnosis was made of necrosis of the head of the 
aur with dead bone still retained in the dense re- 
ns. The large area of reduced density in mesial 

| lower portions of head suggest that some bone 
vived, at least about the fovea. How much of 
area of decreased density is occupied by atrophic 
viving bone and how much by newly formed bone 

.t has replaced old dead bone it is difficult to say. 

\ roentgenogram (Fig. 32) taken 2 years and 11 
oaths after injury showed complete disappearance 
the dense shadows indicative of old dead bone 

h replacement by a faint spongy shadow. The 

icular cortex casts a faint irregular shadow, and 

. tilage space is somewhat narrow. The irregularity 
ortical shadow in the narrow cartilage space sug- 
ts death and re-organization of the entire articu- 
cartilage. The diagnosis was made of a fracture 
o the neck of the femur followed by non-union, 
d ith of the head, and complete creeping substitu- 
tin of the dead bone by living bone. 

\ Whitman reconstruction operation was per- 
fo med. During excision of the head, extensive ad- 
h sions were encountered between the articular sur- 
faces. Round ligament was buried in adhesions. The 
articular surface of the excised head was uneven and 
shaggy from adhesions. On cut section, the head 
consisted of spongy bone throughout, no areas being 
seen suggestive of remnants of necrotic tissue. Micro- 
scopic examination (Fig. 33) showed the bone to be 
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alive and finely porous with trabecule irregularly 
arrayed. Articular cartilage was everywhere re- 
placed by fibrocartilage, which, at a number of 
places was very narrow while in others it was as 
thick as normal articular cartilage. The articular 
cortex was very frail and in some places entirely 
lacking. 

The rate of transformation in this case was 
more rapid than in some others of the series. 
One case 3 years and 8 months after injury 
and another 4 years after injury showed more 
than half of the necrotic bone still present on 
pathological examination of the excised heads. 
These two cases also showed osteocartilaginous 
loose bodies formed by proliferation of de- 
tached pieces of articular cartilage which were 
nourished by the synovial fluid. In some cases 
of non-union of long standing it may be im- 
possible to state from roentgenograms whether 
the bone of the head survived and became 
atrophic or died and underwent complete re- 
placement by new bone but the differences 
previously enumerated usually make it pos- 
sible. Pathological examination of the head 
should nearly always establish the diagnosis. 

Cases with non-union and necrosis of the 
head of very long standing and marked carti- 
lage change are not well suited for operation 
intended to create bony union and a movable 
joint. The Whitman reconstruction operation 
may be followed by a bony ankylosis, as in one 


Fig. 29, left. Case 11. Non-union 3 years after fracture. Necrosis in head with 
creeping replacement by spongy new bone, except dense island at top of head, a. 
Fig. 30. Case 11. Bony union and dense transformation of weight bearing portion 


of head and shaft 14 years after operation. 
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Fig. 31, left. Case 12. Non-union 11 months after fracture. Superior and part of 
lateral portions of head dense, indicating old dead bone; inferior and foveal regions 


rarefied, indicating living bone. 


Fig. 32. Case 12. Two years 11 months after injury. Creeping substitution of 
dead portion by living bone complete. Cartilage space of joint narrowed and shadow 


of articular cortex incomplete. 


case of the series reported elsewhere by the au- 
thor (18) in which articular cartilage of aceta- 


bulum was destroyed. Operation for the crea- 
tion of bony ankylosis is the procedure of 
choice for some of these cases. 


INTRACAPSULAR FRACTURE OF THE NECK WITH 
DEATH OF THE HEAD FOLLOWED BY BONY 
UNION 


Axhausen (2) was the first to call attention 
to this condition and his is the only reported 
case in which a pathological examination was 
made. Familiarity with the pathological and 
roentgenological pictures in necrosis of the 
femoral head and non-union makes it possible 
to recognize the not infrequent occurrence of 
necrosis of the head with bony union by the 
study of a series of roentgenograms taken at 
regular intervals. There were 4 instances in 
this group of 49 cases of fracture of the neck 
of the femur. Necrosis of the femoral head 
followed by bony union of the fracture has 
been observed most frequently in case of im- 
paction of the fragments. But also in cases in 
which fragments were displaced it has fol- 


lowed reduction of the fracture and fixation by 
the Whitman abduction cast method (Case 11 
of Santos) or by bone pegs or nails. 

Union of the fracture is accomplished by 
callus formation from the distal fragment 
which extends across the fracture line and 
ossifies in much the same way as a bone graft 
unites with bone with which it is placed in 
contact. If the limb is then used the distal 
fragment and pelvis do not atrophy to the 
same extent as in cases of non-union. Con- 
sequently, the density difference between the 
dead portion of the head and the living bone 
of the region is not as marked as in cases o/ 
necrosis with non-union, and the condition is 
more difficult to recognize on this basisin roent- 
genograms than is the former. If there is toc 
much weight bearing before the necrotic uppe! 
portion of the head is invaded and substitutec 
by new bone there will be caving in of the weight 
bearing portion with marked deformity. Thi: 
is illustrated by Case 13. 

CasE 13. Male, aged 48 years, patient of Dr 


Paul P. Swett, of Hartford, Connecticut, sustainec 
an intracapsular fracture of the neck of the femu 
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wiich was treated by plaster cast immobilization. 
B nay union followed, and he was then allowed to 
wo ik. The hip gradually became painful and a roent- 
genogram (Fig. 34) taken one year after injury 
s) wed slight irregularity of cortex, flattening and 
cortical increased density at the top of the head. 
ore was irregular, increased density across the 
ial portion of the neck at the seat of fracture, and 
it, even reduction in density in the juxtafoveal 
lateral portions of the head. The density of the 
ral and superomesial part of the head was slightly 
iter than that of the distal fragment. Weight 
‘ing was continued but the hip became increas- 
y painful and limited in motion. A roentgeno- 
a (Fig. 35) 114 years after injury showed further 
ipse of the weight bearing portion with mottled 
eased and decreased density in the head beneath 
New trabecule were seen running perpendicu- 
, in head and neck. There was considerable 
phy of disuse. A regional roentgenogram (Fig. 36) 
onths later showed a slight increase in density 
\e region and reduction in size of the area of the se- 
strated head. The rest of the head appeared to be 
isformed. Judging by the slowness of the changes, 
3 years will be required for complete absorption 
reorganization of the collapsed area, and the 
-result will be a marked degree of functional dis- 

pance in the joint. 


\ re-examination of the 5 year old Case 
11 X reported by Santos, of bony union with 
necrosis and collapse of the head, was made 
g years after injury. Pain and weakness had 


grown progressively worse and the patient had 
walked with a crutch for 2 years. A roent- 
genogram showed that the collapse and de- 
formity of the head had slightly increased and 
its interior become more mottled. Two other 
cases of collapse of the head observed for 
periods of 4 to 9 years gave very poor func- 
tional results. 

That a good functional result may be ob- 
tained after fracture of the neck with necrosis 
of the head and bony union, if collapse does 
not occur and creeping substitution comes 
about, is shown by the following instance. 


CasE 14. Female, aged 13 years, sustained an 
intracapsular fracture of the neck of the femur. A 
body and leg cast was applied for 6 weeks. Two 
months after injury a roentgenogram showed dis- 
placement and angulation of fragments, and non- 
union, At operation, which showed a portion of 
capsule untorn, the fracture was reduced and 
fixed with a Smith-Peterson nail; plaster-of-paris 
immobilization for 10 weeks. Bony union took 
place, but weight bearing was not resumed until 5 
months had elapsed. During this period a series of 
roentgenograms showed the gradual development of 


Fig. 33. Case 12. Magnification 55 diameters. Shows 
complete replacement of dead cartilage by fibrocartilage 
and dead bone by spongy new bone. 


areas of reduced density progressing from neck into 
head, indicative of creeping substitution of a necrotic 
proximal fragment. Six months after injury the pa- 
tient walked without pain and had three-fourths the 
normal range of motion in the joint. A roentgeno- 
gram (Fig. 37) showed mottling of the largely trans- 
formed head and neck. At the summit of the head 
the articular cortex was dense and smooth, and 
showed signs of incomplete sequestration at its lim- 
its, a. Weight bearing was continued without dis- 
comfort, and the range of motion increased gradu- 
ally. Sixteen months after injury it was four-fifths 
normal and the joint was free from symptoms. A 
roentgenogram (Fig. 38) then showed a complete re- 
construction of the head except at the summit, where 
there was a narrow dense area including articular 
cortex, indicative of dead bone, which was seques- 
trated and slightly depressed. 


It would have been better to have kept the 
patient from weight bearing for a longer pe- 
riod than 5 months, since the small dead area 
at the summit of head was broken down be- 
fore creeping replacement had had time to 
reach it. However, the area was so small 
and the rest of the head was so well trans- 
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Fig. 34. 

Fig. 34. Case 13. Necrotic head and bony union 1 year 

after intracapsular fracture of neck. Note beginning break- 

ing down of weight bearing portion of head with dense un- 
derlying bone. 

Fig. 35. Case 13. One and one-half years after injury. 

The roentgenogram shows further collapse of the weight 


formed that the defect should be repaired 
without loss of the excellent function that has 
already been obtained. 

Experience with these cases has demon- 
strated that walking should not be allowed in 
case of necrosis of the head with bony union 
until many months have elapsed, in order to 
avoid fragmentation and collapse of the nec- 
rotic bone at the point of greatest pressure. 
No doubt too early walking has been respon- 
sible for the bad end-results in many cases. 
However, it is probable that despite weight 
bearing the dead bone does not collapse in 
some cases and becomes completely replaced 
by new bone, giving a good functional result. 
Such cases may be difficult to distinguish late 
from others in which there was union of the 
fractured neck with survival of the head. The 
mottling of the transformed dead head should, 
however, be sufficiently great in most cases to 
render its recognition possible in roentgeno- 
grams. Case 4 illustrates the difficulty in 
differentiation. 


SLIPPING OF THE EPIPHYSIS OF THE HEAD 
OF THE FEMUR 


The capital epiphysis of the femur not in- 
frequently becomes separated and down- 
wardly displaced on the neck. The condition 


Fig. 35. 


bearing portion and irregular absorption and sclerosis in 
head. 

Fig. 36. Case 13. Twenty-six months after injury. 
Collapsed portion dense and sequestrated; rest of head 
transformed. Sclerosis of zone is noticeable about col- 
lapsed portion. 


is seen more frequently in boys than in girls 
and usually develops between the ages of 10 
and 16. There is a definite predisposition on 
the part of obese individuals, and an endocrine 
disturbance has often been held responsible 
for it. It is encountered in some cases pre- 
senting Froelich’s syndrome. There is often 
roentgenographic evidence of reduced density 
in the metaphysis of the neck before the slip- 
ping takes place and shortly after the onset of 
pain in the hip. Slight flattening of the head 
has also been observed before any appreciable 
amount of displacement is brought about. 
Axhausen considers these changes secondary 
to aseptic necrosis in the neck metaphysis 
from obscure vascular blockage. 

Slipping of the capital epiphysis has rarely 
been noted before the age of 10, and in such 
cases necrosis with breaking down of femora! 
head is likely to take place. Thus, a case was 
observed in which there was Legg-Perthes’ dis- 
ease of the right hip beginning at the age of €, 
followed by slight flattening of the head of th: 
left femur, as shown incidentally in a roentgeno- 
gram taken 16monthslater. Five dayslater th: 
capital epiphysis of the left femur slippe 
markedly as a result of slight violence. Afte 
reduction and plaster cast fixation it united t: 
neck, but necrosis and collapse of the head fo! 
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Fig. 37, left. Case 14. Six months after operation. Mottled increase and decrease 
in density of proximal fragment and beginning sequestration of dense summit at a in- 
dicate necrosis and partial creeping replacement. 

Fig. 38. Case 14. Sixteen months after operation. Creeping substitution complete 


except for sequestrum, a. 


lo ved with the typical roentgen appearance of 
Li sg-Perthes’ disease on that side. This sug- 
gests strongly an etiological relationship be- 
tween the two conditions. 

in some cases the joint becomes painful 
without a history of trauma, but in the ma- 


jority of cases the slipping is due to violence 


Good functional result. 


of variable intensity, often slight. Union 
nearly always takes place between head and 
neck even when the epiphysis is allowed to re- 
main in marked displacement which results in 
growth arrest and coxa vara. 

The changes in the head subsequent to slip- 
ping are variable. Slight to moderate flatten- 


Fig. 39, left. Case 15. Roentgenogram immediately after slipping of capital epi- 


physis. 


Fig. 40. Case 15. Roentgenogram 89 days after open reduction and fixation with 


fibular graft. 
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Fig. 41. Case 15. Nine years after injury. Dense area 
at summit of left head indicates untransformed and pos- 
sibly compressed necrotic bone; rest of head collapsed and 
substituted by new bone. Slipped epiphysis, right, united 
and shows no collapse or other signs of previous necrosis. 


ing and broadening is common, and the den- 
sity may be uniformly reduced. Mottling is 
rarely seen in roentgenograms. The exact 
pathology of the head in such cases is not well 
known because of the extreme infrequency of 
reports of pathological examinations. It is 
possible that necrosis precedes slipping, but 
more probable that the head usually remains 
alive on nourishment coming through the 
round ligament, and changes its contour after 
displacement. In some cases, however, there 
is definite evidence of extensive necrosis, and 
the weight bearing portion of the head may 
subsequently collapse and be sequestrated, as 


in fracture of the neck with bony union and 


Fig. 42. 

Fig. 42. Case 16. Three years after fracture of base of 

neck. Head broken down in weight bearing portion and 

outline of cortex irregular and distorted; neck mottled and 

dense; changes indicate necrosis with creeping replacement. 

Fig. 43. Case 17. Female aged 12, recent fracture of 
greater trochanter. 


Fig. 43. 


too early weight bearing. In such cases t \¢ 
slipping damages blood supply by way of cap- 
sule vessels. 


Case 15. A tall, slender male, aged 16 years, {ll 
from a bicycle and displaced the right femoral ep- 
iphysis one year previously. He was treated y 
plaster cast immobilization. Bony union followed 
with the head in moderate downward displacemei't. 
On the day of hospital admission he again tell from 
a bicycle and: displaced the left capital epiphysis 
(Fig. 39). One day later the displacement was re- 
duced by open operation and the head fixed in posi- 
tion by a bone peg taken from the shaft of the fibula. 
The neck capsule was found extensively torn. Cast 
immobilization. A roentgenogram (Fig. 40) 89 days 
later showed bony union in coxa vara position. 
Walking was then resumed, but the left hip subse- 
quently remained much stiffer than the right and 
was slightly painful and weak on excessive usage. 
Figure 41 shows the condition of hips 9 years after 
injury to the left and to years after injury to the 
right. The left hip shows flattening of head and 
irregularity of articular surface of both head and ace- 
tabulum. There is a dense irregular shadow at the 
summit of the head which is difficult of interpreta- 
tion. It might be a necrotic area or a sclerosed trans- 
formed zone as it is very dense for old necrotic bone 
and shows no line of separation from the surrounding 
spongy bone. If it is dead bone, the period of creep- 
ing replacement has been unusually slow. If it is 
sequestrated there has been marked retardation of 
the process of removal of the dead bone. The narrow 
cartilage space of the joint indicates destruction of 
articular cartilage. 


Fig. 44. 

Fig. 44. Case 17. Six and one-half years after inj iry 
Dense area at summit of head indicates necrotic bone; col: 
lapse of top of head and irregular creeping substitutic 1 0! 
remaining portions; top of neck irregular; necrosis ap ar 
ently due to injury of superior neck vessel at time of | ‘ac- 
ture. 
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The bad end-result must be attributed to 
crosis of the head with collapse before there 
is creeping replacement by new bone. The 
» erative reduction and fixation were prob- 
a ly factors in producing the necrosis. Much 
tter anatomical and functional results were 
tained in the right hip, which shows healing 
. th moderate coxa vara. That head does not 
pear to have undergone necrosis and the 
‘tilage space of the joint is preserved. 


FRACTURE OF THE BASE OF THE NECK OF 
THE FEMUR 


[t has been generally considered that frac- 
res at the base of the neck of the femur do 
. tinterfere with the blood supply of the head 
d neck. Roentgenological studies have 
: own, however, that necrosis may occur, 
hough rarely. Lange (11) has reported 2 
~ ses, and there was one instance in this 


yup. 


CasE 16. Female, aged 17 years, sustained a frac- 
reat the base of the neck 2 years and 5 months be- 
{ure admission. She was treated by extension for 5 
weeks and a plaster cast for 4 weeks. Bony union 
resulted with head and neck at a right angle to the 
shaft. Walking was resumed, but the hip gradually 
became painful and motion was limited. A roent- 
genogram at the time of admission (Fig. 42) showed 
the head and neck united to the shaft at an angle of 


Fig. 45. 
Fig. 45. Case 18. Fresh fracture of acetabulum and dis- 
location of hip. 
Fig. 46. Case 18. Eleven months after injury. Dense 
area represents necrosis at summit of head, a. 


Fig. 46. 
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go degrees. The head was broken down and irregu- 
lar in its weight bearing portion, as if necrosis fol- 
lowed by creeping substitution had taken place. A 
subtrochanteric osteotomy was performed and union 
obtained with the shaft in abduction. 


In case of fracture at the base of the neck 
with displacement and tearing of the capsule, 
it is possible that the posterior cervical vessels 
may be torn, and in case the collateral circula- 
tion through the round ligament is insufficient 
partial necrosis would be the inevitable result. 


NECROSIS OF FEMORAL HEAD FOLLOWING 
FRACTURE OF THE GREATER TROCHANTER 


The observation of roentgenographic signs 
of necrosis of the femoral head after fracture 
of the greater trochanter in the following case 
has raised the question as to the etiological re- 
lationship. 


CasE 17. Female, aged 12 years, a patient of 
Dr. E. L. Mason of Eau Claire, Wisconsin, sustained 
a fracture of the greater trochanter of the left femur 
in an automobile accident (Fig. 43). The fracture 
healed and the patient was free from symptoms for 
4 years. She then began to have limitation of mo- 
tion and pain in the hip joint on walking, which 
slowly increased. 

A roentgenogram (Fig. 44) taken 6!2 years after 
injury showed evidence of extensive degenerative 
and absorptive changes in the head of the femur. 
There was irregular flattening of the lateral half of 


Fig. 47. 

Fig. 47. Case 18. This roentgenogram was taken 19 
months after injury and shows creeping replacement of 
the dense necrotic area by blotchy new bone; with little 
collapse of head. 
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Fig. 48, left. Necrosis of head and part of neck 5 months after arthroplasty. The 
head retains its old density and surrounding living bone is atrophied. 
Fig. 49. Two years 8 months after Figure 48. Necrotic head partly eroded and 


partly substituted by ingrowth from neck. 


the top of the head with mottled areas of reduced 
and increased densities in the underlying portion 
down to the neck. At the summit of the head was a 
uniformly dense area with a smooth articular cortex 
and irregular outlines similar to that seen in Figure 
41. The density of the head, mesial and inferior to 
this, was greatly reduced and more uniform in out- 
line. There was a slight irregularity of trabecule in 
the top of the neck and one area of reduced density 
suggesting a cavity. The acetabulum showed no 
change except for a slight lipping at its superior mar- 
gin. 

The diagnosis was made of aseptic necrosis with 
breaking down and partial substitution of the head 
of the femur. The only known factor to which it 
could be attributed was the fracture of the greater 
trochanter. The superior neck vessel supplying a 
portion of neck and head might easily have been in- 
jured and an inadequate collateral circulation would 
have resulted in death of the region which it sup- 
plied. The late appearance of symptoms is some- 
what against this explanation. However, the very 
slow rate of change sometimes observed in the nec- 
rotic head after fracture of the neck as shown in 
Figure 26, 16 months after injury, or Figure 41, 9 
years after injury, would favor the view that the 
fracture of the trochanter injuring the blood supply 
was the cause of the necrosis in this patient. A walk- 
ing caliper splint was applied which considerably 
reduced the amount of pain; but a roentgenogram 
taken 1 year later showed only slight increase in the 
reconstruction of the head. 


No case of injury of this type, followed by 
necrosis, could be found in a search of the 
literature. 


Joint space irregular and narrow. 


TRAUMATIC DISLOCATION OF THE HIP FOL- 
LOWED BY NECROSIS OF THE HEAD OF THE 
FEMUR 


In traumatic dislocation of the hip the liga- 
mentum teres is always torn. In case the ves- 
sels passing through it are of importance for 
the blood supply of the femoral head, necrosis 
of bone would be expected unless the collateral 
circulation from the neck vessels is sufficient 
to keep it alive. In the past almost no con- 
sideration has been given to this possibility. 

Chandler and Kreuscher recently reported 
a case of necrosis in the head of the femur fo!- 
lowing fracture of the acetabulum with dislo- 
cation of the hip; Stewart reported the same 
condition following a simple posterior dislo- 
cation of the hip, from this department. 

Four instances of necrosis of the head of the 
femur following dislocation of the hip have 
been observed in these studies; three following 
simple dislocation and one following fracture 
through the acetabulum with dislocation. 
Judging from these observations, the conci- 
tion is of importance in the causation of pour 
end-results in traumatic dislocation. In 2 
cases, 1 reported by Stewart, the head gra'!- 
ually collapsed in its weight bearing portio 1. 
In an 11 year old boy, a patient of Dr. Frark 
Dickson, the head flattened moderately ai d 
showed mottled areas of increased and d>- 
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creased density somewhat similar to Legg- 
Perthes’ disease. In the following case the 
dead part of the head became transformed 
with only slight flattening. 


CasE 18. Female, aged 14, patient of Dr. Otto T. 
Roberg, sustained a fracture of the acetabulum with 
posterior dislocation of the hip as seen in a roent- 
genogram (Fig. 45) taken immediately afterward. 
The dislocation was reduced and the hip treated by 
plaster-of-paris immobilization and extension for 6 
weeks. Roentgenograms showed signs of healing of 
the fracture, and the head within acetabulum 
showed no changes in contour or density. Walking 
was allowed after 4 months. Slight stiffness and 
pain persisted in the hip and a roentgenogram taken 
11 months after the injury showed a dense oval 
shadow occupying the summit of the head of the 
femur with irregular reduction in density, suggesting 
cavities in the head, below and about the dense area 
(Fig. 46). The shadows of articular cortex, both 
mesial and lateral to it, were irregular and reduced in 
density. 

A diagnosis was made of necrosis of most of the 
head of the femur from injury of blood supply by 
way of the round ligament, with persistence of a 
dense area of necrosis at the summit and irregular 
creeping replacement of the deeper necrotic portions 
with very slight flattening of the head. 

Subsequent roentgenograms showed gradual re- 
duction in size of the necrotic portion, and one taken 
19 months after injury (Fig. 47) showed almost com- 
plete disappearance of the dense shadow indicative 
of dead bone, with little change of contour of femoral 
head and a motley shadow in the subcortical region, 
especially of the weight bearing portion. There was 
a lateral marginal lipping of the head. The func- 
tional result 2% years after injury was good. 


The case shows the importance of avoiding 
collapse while creeping substitution of dead 
by living bone is going on. Despite the fact 
that the creeping substitution without col- 
lapse occurred here in the presence of weight 
bearing, it is a safer procedure during the 
transformative period to keep the patient on 
crutches or at least in a weight bearing caliper 
splint. 

A study of the end-results of a large series of 
traumatic dislocations of the hip is greatly 
needed in order to learn the frequency of nec- 
rosis of the femoral head and the extent of dis- 
ability which it produces. 


CONGENITAL DISLOCATION OF HIP 


Collapse of the head of the femur and ab- 
sorptive and proliferative changes similar to 
Legg-Perthes’ disease are well known follow- 
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ing either manipulative or operative reduction 
of congenital dislocation of the hip, as re- 
ported by Legg and Allison. The condition is 
most frequently attributed to injury of the 
blood supply coming through the round liga- 
ment. It may result either from compression 
of the elongated round ligament between the 
reduced head and acetabulum or, in some in- 
stances, from tearing. Excision of the round 
ligament as has sometimes been practiced in 
open reduction should increase the incidence of 
necrosis of the head and should be avoided. 

Pathological dislocation of the hip compli- 
cating acute pyogenic arthritis with effusion is 
a not uncommon occurrence and leads to sev- 
erance of the round ligament. In some cases 
the head becomes necrotic in which event it 
may be difficult to distinguish the changes re- 
sulting from cutting off of circulation from 
those resulting from the infection. 


A boy, aged 7 years, had osteomyelitis of the proxi- 
mal end of the shaft of the femur with suppurative 
arthritis and dislocation of the hip, which was re- 
duced by open operation, at which time the round 
ligament was found severed. Subsequent roentgeno- 
grams showed a dense head indicating necrosis which 
was followed by partial breaking down and almost 
complete ankylosis of the hip. 


A second case shows that it does not always 
happen. 


A male, aged 9 years, with acute hematogenous 
arthritis of the hip complicating staphylococcus 
osteomyelitis of astragalus; the hip joint became dis- 
located. It was reduced. Subsequent roentgeno- 
grams, the last being 14 years afterward, showed no 
evidence of capital necrosis, and function was re- 
stored to normal. 


NECROSIS OF FEMORAL HEAD FOLLOWING 
ARTHROPLASTY FOR ANKYLOSIS OF HIP 


In the operation of mobilization of an anky- 
losed hip, not only is the bony connection be- 
tween head and acetabulum severed, but also 
the capsule of the neck is usually stripped in 
the delivery of head and neck. This may in- 
terfere with the blood supply sufficiently to 
cause necrosis of a part or all of the head, in 
which event the result of the operation is usu- 
ally a poor one. The hip may remain painful 
and its range of motion be limited. Marked 
regional atrophy of disuse may develop in the 
pelvis and shaft of the femur, while the dead 
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bone does not atrophy. As a result, the nec- 
rotic portion may be distinguished in roent- 
genograms after a few weeks, because it casts 
a heavier shadow than the surrounding living 
bone. The dead portion is gradually eroded 
from the joint side, reducing it in volume. It 
is also invaded from the neck side by connec- 
tive tissue which brings about absorption and 
more or less complete creeping replacement by 
new bone. The erosion may proceed more 
rapidly than the creeping replacement when 
the head may be greatly reduced in size. 

Two cases of capital necrosis following ar- 
throplasty have been observed in this study; 
in one case previously reported the entire head 
became necrotic, as shown in Figure 48, 5 
months after operation. Roentgenograms 
made since the report and 2 years and 8 months 
after operation (Fig. 49) show the head re- 
duced in size and density. The hip continued 
painful and motion was very limited. 

In a second case, a female, aged 34 years, 
had primary healing of the operative wound, 
but the upper portion of the head became nec- 
rotic and was gradually destroyed by erosion, 
there being very little creeping replacement. 
Two years and 8 months later the head was 
reduced to about one-fourth its original size, 


and although the hip was freely movable, it 
tolerated weight bearing poorly. 


CIRCULATORY DISTURBANCES OF MORE 
OBSCURE NATURE 


A discussion of necrosis in the head of the 
femur from known traumatic causes would be 
incomplete without at least a brief considera- 
tion of Legg-Perthes’ disease, death with 
collapse and separation, partial or complete, 
of a portion of the head in adults and osteo- 
chondritis dessicans. 

In Legg-Perthes’ disease the lesion is essen- 
tially a necrosis, which is usually confined to 
the head of the femur, but not infrequently 
there are changes of an absorptive nature in 
the lateral portion of the metaphysis of the 
neck which suggest that they are also pre- 
ceded by necrosis in that region. The necro- 
sis in the head is followed by bone absorption 
and flattening. In some cases a portion of the 
dead bone may be sequestrated by fragmenta- 
tion of the trabecule at the line of junction 


with ingrowing new bone. In other cases the 
dead bone seems to be compressed, and casts a 
shadow in roentgenograms that is heavier 
than normal bone. Regeneration of the bone 
of the head comes about by vascular and 
fibrous invasion of the necrotic area with new 
bone formation and replacement partly after 
complete absorption and partly by creeping 
substitution. An exuberant fibroblastic reac- 
tion with excessive absorption of dead bone is 
sometimes seen which is in excess of anything 
seen in aseptic necrosis caused by fractures, 
and raises the question of whether some addi- 
tional factor, as infection, is not active. 

The necrosis is the result of a disturbance in 
the circulation, but the cause of the circu- 
latory disturbance is as yet imperfectly un- 
derstood. It has been considered as due to 
injury to the blood vessels without associated 
fracture or dislocation of the hip. In many 
cases there is much in favor of this view as the 
lesion follows weeks or months after a trauma 
of considerable magnitude. The late appear- 
ance of symptoms in some cases might be un- 
derstandable in view of the lateness of symp- 
toms in cases of necrosis following hip disloca- 
tion and fracture. When the head only is nec- 
rotic, the injury might be of the round liga- 
ment. In case of changes in the head, accom- 
panied by extensive absorption in the superior 
and mesial portion of the neck, it is difficult to 
explain the condition on the basis of a trauma 
to the blood vessels. Disturbance of the supe- 
rior neck artery might in some cases result in 
necrosis and absorption in both the head and 
the superior portion of the neck, but this 
would scarcely result from trauma without 
fracture. Also there are many cases in which 
there is no history of trauma and the condition 
is frequently bilateral, which is also a point 
against a purely traumatic etiology. 

Disease involving and obstructing the blood 
vessel has been considered as a cause. Ax- 
hausen has considered the possibility of em- 
bolism. However, this theory is not well 
supported on anatomical grounds. Arteritis 
such as occurs in rheumatic fever with obliter- 
ation of the vessel as described by Von Glahn 
and Pappenheimer has been considered as a 
possible cause by Phemister, Brunschwig, and 
Day. Streptococcus viridans has grown in cul- 
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tures of biopsies in a few instances, but in the 
great majority of cases cultures of biopsies 
have remained sterile, and it seems very im- 
probable that bacterial action is the primary 
cause, at least in the great majority of cases. 
Seeding of bacteria in the field after occur- 
rence of the necrosis may possibly explain 
some of the positive bacterial findings. Fur- 
ther studies will be necessary to clarify the 
nature of the disease. - 

Large areas of aseptic necrosis have been 
observed in the head of the femur in adults in 
which no adequate cause could be elicited. 
Freund reported the autopsy findings in the 
case of a 77 year old woman who had been 
bedridden for 2 years, with lame hips. In the 
right hip there was a large area of necrosis 
with collapse at the top of the femur and in the 
left hip a similar collapsed area in the mesial 
portion of head extending outward from the 
fovea. In some areas there was separation of 
the dead bone from the living resulting from 
fragmentation of trabeculae. In others there 
was fibrous invasion and creeping substitution 
of the dead bone. The overlying articular car- 
tilage was necrotic, folded, and partly ab- 
sorbed. Injury or embolism of the right supe- 
rior neck vessel and of the left ligamentum 
teres artery might have produced the lesions. 
Schmorl (20) and Kraft have published ac- 
counts of similar lesions, and Chandler reported 
a case Studied pathologically of extensive asep- 
ticnecrosis with sequestration extending lateral 
and superior to the fovea capitis, which he con- 
sidered due to embolism. Weight bearing has 
usually caused a certain amount of collapse or 
sequestration in these cases with resultant pain, 
stiffness, and permanent disability of the joint. 

A few instances as those of Lange (10) of 
osteochondritis dessicans of the femoral head 
are recorded in which a portion of bone and 
articular cartilage has become necrotic and 
detached as loose bodies in the hip joint. The 
etiology is obscure but possibly it is the 
same as that of the larger areas of aseptic 
necrosis in adults that do not become de- 
tached and dislodged from their beds. 


SUMMARY 


Intracapsular fracture of the neck of the 
femur may, by injury of blood supply, result 


PHEMISTER: ASEPTIC NECROSIS OF HEAD OF FEMUR 439 


in aseptic necrosis of a part or all of the head 
of the femur. This occurrence greatly increases 
the likelihood of non-union of the fracture as 
shown by the statistics herein reported. Artic- 
ular cartilage very slowly dies if the bone to 
which it is attached becomes necrotic. In case 
of non-union, atrophy of disuse of the living 
bone develops during the period of immobiliza- 
tion while the dead bone of the head does not 
atrophy. Consequently after 2 to 3 months, 
it can usually be diagnosed in roentgenograms 
because its density is greater than that of the 
surrounding living bone. Connective tissue 
and blood vessels slowly invade the dead bone 
which in turn is absorbed and replaced by 
new bone by the process of creeping substitu- 
tion. Months or years may be required for 
completion of the change. Necrotic cartilage 
is absorbed after a long interval and replaced 
by either fibrocartilage or connective tissue. 

In case of necrosis in the head of the femur 
and bony union of the fracture, the necrotic 
area also becomes replaced by new bone if the 
dead bone is protected from too great weight 
bearing during the period of transformation. 
If it is used too much in weight bearing, the 
upper portion of head may collapse from the 
giving way of the dead bony trabecule and a 
bad deformity and functional result be ob- 
tained. 

Intracapsular fracture of the neck with sur- 
vival of the head and either union or non- 
union of the fracture may be diagnosed in 
roentgenograms by the uniformity of reduc- 
tion in density in pelvis, head, and distal 
fragment at all stages in the course of the in- 
jury. Bony union is followed by a good func- 
tional result, but late degenerative arthritis 
occasionally develops. Non-union is more 
amenable to operative treatment if the head 
remains alive than if it becomes necrotic. 

Slipped femoral epiphyses during adoles- 
cence or late childhood may result in aseptic 
necrosis followed by collapse and extensive 
deformity of the head as a result presumably 
of injury to blood vessels entering it by way of 
the neck. 

One case each is reported of necrosis and 
collapse of the head of the femur following 
fracture of the base of the neck with bony 
union and fracture of the greater trochanter. 
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Traumatic dislocation of the hip always 
severs the round ligament, which in some cases 
contains blood vessels supplying a portion of 
the head of the femur. Aseptic necrosis of this 
area results unless there is adequate collateral 
circulation from the neck vessels. Four such 
cases have been observed. Creeping substi- 
tution of the dead bone by new bone ensues. 
Too extensive weight bearing before the trans- 
formation is complete may result in collapse of 
the head and permanent lameness of the hip. 

Congenital dislocations of the hip that are 
reduced by manipulation or operation and 
pathological dislocations of the hip may show 
signs of necrosis and breaking down of the 
femoral head due to damage of circulation by 
way of the round ligament. 

Arthroplasty for the mobilization of anky- 
losed hips resulted in aseptic necrosis of the 
head of the femur in 2 cases with poor func- 
tional results. 

Aseptic necrosis in the head of the femur of 
obscure origin is seen in Perthes’ disease, in 
osteochondritis dessicans, and in adults in 
which there is no history of an etiological fac- 
tor. The essential change appears to be an 
interference with circulation. Causative fac- 
tors that have been considered are trauma, 
embolism, obliterative vascular disease with 
or without an associated mild infection, and 
constitutional and endocrine disturbances, but 
no single factor offers an adequate explana- 
tion for the picture. 

The bearing of aseptic necrosis on the treat- 
ment of fractures of the neck of the femur and 
hip dislocations is discussed. 
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MORTON: TUMORS OF THE TENDON SHEATHS 


TUMORS OF THE TENDON SHEATHS 


THEIR CLOSE BIoLocicAL RELATIONSHIP TO TUMORS OF THE JOINTS AND BuRS& 


JOHN J. MORTON, M.D., F.A.C.S., Rocuester, NEw YorK 
From The Department of Surgery, University of Rochester School of Medicine and Dentistry 


but fitting to present a study of some 

phase of tendon surgery. Dr. Allen 
Kanavel and his pupils have so well and so 
completely covered the infections in their re- 
lationship to later functional use, that there is 
very little left to add to this subject. The 
tumors of the tendon sheaths, aside from the 
xanthomatic giant cell tumors so well de- 
scribed by Mason and Woolston of Kanavel’s 
clinic in 1927, offer a more fertile field for 
investigation. The cases which have been 
reported in the literature, although quite nu- 
merous, Offer such a diversity of pathologi- 
cal types that it is with considerable trepida- 
tion that a surgeon rushes in where patholo- 
gists fear to tread. Reports on tendon sheath 
tumors may in fact be said to be in exactly the 
same position as the tumors of bone were 15 
years ago. Descriptive adjectives regarding 
the types of cells noted in these tumors have 
been used to set up clinical entities. If con- 
sideration were given to the biological origin 
of these tumors and the descriptive adjectives 
reserved for definition of the characteristics of 
the tumor, a real advance might be made in 
getting a more uniform nomenclature. With 
such a point of view, the writer, after review- 
ing the material from the University of Roch- 
ester clinic, hesitatingly offers a tentative 
classification. A study of the tumors of joints 
and burse should be included to make this 
classification complete. This paper will be 
limited, however, to the tumors of the tendon 
sheaths. The tumors of the joints and burse 
will be reported in a later publication. 


| J "out an occasion such as this, it seems 


Case 1. A. J., No. 203, a woman, 40 years of age, 
came into the surgical clinic on August 22, 1931, for 
the removal of a small tumor on the right thumb. 
There was a growth the size of a pea present on the 
extensor tendon of the thumb near the interphalan- 
geal joint. It did not cause any pain and removal 
was for cosmetic reasons only. Under local anesthe- 
sia the tumor was dissected free from the extensor 
tendon sheath where the sheath expanded into the 


capsule of the interphalangeal joint. Macroscopic 
examination showed a hard nodule of yellowish tis- 
sue 4 millimeters in diameter. There was a thin 
fibrous capsule about it. Microscopically, there was 
a diffuse infiltration of large mononuclear cells and 
giant cells into the fibrous tissue which comprised 
the bulk of the section. The giant cells had centrally 
arranged round, oval, or angle-shaped nuclei. In 
many areas there were brown pigmented granules— 
some of which were phagocyted by round cells 
(Fig. 1). Diagnosis: giant cell fibroma of tendon 
sheaths. There had been no return of the growth on 
examination 2 years later. 

CasE 2. J. B., No. 33164, a man, 65 years of age, 
was seen on August 21, 1930, in the surgical out 
patient department because of a tumor on the flexor 
surface of the left ring finger. This tumor was firm, 
about 1 centimeter in diameter and showed some 
evidence of inflammation, possibly a low grade infec- 
tion. It was removed under local anesthesia, but 
all of it could not be excised because it involved 
periosteum as well as flexor tendon sheath. Micro- 
scopic section showed dense fibrous tissue with many 
giant cells. The nuclei were scattered all through 
these giant cells and were not confined to periphery 
(Fig. 2). Diagnosis: giant cell fibroma. The wound 
became infected and it was almost 1 month before 
healing occurred. The patient has not reported to 
the hospital since October, 1930. At that time the 
wound had healed without evidence of recurrence. 

CasE 3. A. S., No. 6629, a woman aged 63 years, 
was admitted to the surgical out patient department 
on April 13, 1927. She had noticed a swelling on the 
dorsum of the terminal phalanx of the left middle 
finger for about 2 years. Six months ago a second 
similar lesion appeared more proximal to the original 
growth. There has been no pain or tenderness asso- 
ciated with these swellings. On examination, there 
was found a rounded swelling 1 centimeter in diam- 
eter on the radial side of the distal phalanx of the 
middle finger of the left hand. This swelling was 
firm, not attached to the bone, and did not fluctuate. 
The skin over it was movable but it seemed anchored 
to the tendon. A smaller, similar lesion was present 
more proximal to the swelling described. Roentgen- 
ray examination showed no bone involvement 
(Fig. 3). Under local anesthesia both masses were 
removed. They were attached to the extensor ten- 
don and were well encapsulated. These tumors were 
described as fibrous with here and there calcified 
areas. No microscopic examination was recorded. 
The wound healed well, and the patient did not ap- 
pear again until June 25, 1929, when she complained 
of two lumps on her finger in the same place as be- 
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fore. These tumors were again removed under local 
anesthesia. They were attached to the extensor ten- 
don and were encapsulated. In the gross, the larger 
nodule appeared fibrous on section. It measured 
three-fourths centimeter in diameter. Microscopi- 
cally, there were many cells growing in an aimless and 
disorganized fashion suggesting a sarcoma. There 
were many spindle and polyhedral cells. The poly- 
hedral cells had globules and yellowish granules in 
their cytoplasm—xanthomatous foam cells. Some 
of the spindle cells contained yellow pigment. There 
were also present a great number of multinuclear 
giant cells the nuclei of which were for the most part 
central. There was considerable blood pigment pres- 
ent in the tissue and in the foam cells (Fig. 4). Heal- 
ing was prompt following operation. The patient 
has not been seen since September 5, 1929. Diagno- 
sis: xanthomatous giant cell tumor of the tendon 
sheath. 

CasE 4. H. M., No. 83677, a man, aged 21 years, 
was admitted to the Strong Memorial Hospital on 
May 31, 1934. About 5 years ago he noticed a swell- 
ing on the back of the left hand over the middle por- 
tion of the wrist joint. One year ago a tumor ap- 
peared on the palmar surface of the left hand at the 
base of the ring finger. Both tumors have slowly 
increased in size and now cause interference with his 
piano playing. Examination revealed normal con- 
ditions except for the tumors on the left hand. There 
was a rounded, fluctuant, non-tender tumor 2.5 by 
2.0 by 1.0 centimeters in diameter beneath the ex- 
tensor tendons at the distal carpal line. It was not 
fixed to the skin and occupied the mid dorsum of the 
wrist. The other tumor was situated in the web of 
the fourth and fifth fingers on the palmar surface of 
the left hand. It measured 1 by 1 by 1 centimeters. 
It seemed to be attached to the sheath of the super- 
ficial flexor tendon of the fourth finger. It was firm 
and slightly tender on palpation. The laboratory 
findings were normal. At operation, under nitrous 
oxide oxygen anesthesia, the dorsal tumor was 
found to have its origin in ligaments of the wrist 
joint from which it was excised. The palmar tumor 
was attached to the flexor tendon sheath of the 
fourth finger and extended through within the 
sheath by a small finger-like prolongation for a dis- 
tance of 1 centimeter. It was smooth, rounded, 
about 1 centimeter in diameter and had a mottled 
yellowish brown color. Microscopic examination of 
the dorsal tumor showed a cyst-like structure with a 
thick wall of connective tissue cells. Occasional 
round cells were observed in the wall. The tumor 
from the palmar surface of the hand consisted of 
dense fibrous stroma made up essentially of fibro- 
blasts. Numerous giant cells were present, also 
phagocytes containing brown pigment. There were 
also masses of large xanthoma cells (Fig. 5). Diag- 
nosis: xanthomatous giant cell tumor of flexor ten- 
don of fourth finger; “‘ganglion,” from capsule of 
wrist joint. 

CasE 5. K. T., No. 38090, a boy, aged 19 years, 
was admitted to the Strong Memorial Hospital on 
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August 26, 1930. Eighteen months ago, he first 
noticed a lump on the lateral surface of the dorsum 
of his right foot. This lump has slowly grown larger. 
There has been no pain except the discomfort from 
the pressure of his shoe. There has been occasional 
aching in the calf of the leg. Two years ago he had a 
small fracture in this same region, and he believes 
that the tumor may have started from this. His 
past history was essentially negative. General 
physical examination was normal. There was an 
egg sized, non-tender, subcutaneous, slightly mov- 
able tumor in the metatarsal region on the dorso- 
lateral aspect of the right foot. It felt elastic and, 
although the skin over it was freely movable, the 
tumor seemed attached to the deeper structures. 
There were no signs of inflammation. The vital 
signs and laboratory examinations were normal. 
Roentgen ray showed atrophy of the outer side of 
the right cuboid and of the proximal end of the fifth 
metatarsal. There was a soft tissue swelling, uniform 
in density, with sharp outline and no calcium depos- 
its in it (Fig. 6). Under spinal anesthesia the tumor 
was exposed. It surrounded the peroneus brevis 
muscle near its point of insertion. The tumor was 
yellowish, granular in appearance, with streaks of 
denser yellow tissue. It was firm and encapsulated, 
there being no evidence of invasion of the soft tis- 
sues or of the contiguous atrophied bones. The 
peroneus longus was easily separated from it. The 
tendon of the peroneus brevis was cut 2.5 centi- 
meters proximal to the tumor and the bone chipped 
off distally so that the end of the tendon and the 
tumor was removed intact. The mass measured 6 by 
5 by 2 centimeters and weighed 24 grams. On cut 
section the surface was greyish yellow with deeper 
yellow streaks. Microscopically there was an abun- 
dant connective tissue stroma and bands of fibrous 
tissue running throughout. There were irregular 
shaped giant cells with nuclei arranged centrally, 
peripherally, and in clumps at the ends. There were 
many areas of cholesterin crystals surrounding 
which were seen xanthochromic foam cells. There 
were some areas of hemorrhage, degeneration, and 
signs of chronic inflammation (Fig. 7). Diagnosis: 
xanthomatous giant cell tumor of the tendon sheath 
of the right peroneus brevis. Convalescence was un- 
eventful. He was discharged on September 4, 1930. 
There has been no further trouble to date. 

.CasE 6. M.S., No. 51026, a woman, 24 years of 
age, was admitted to the Rochester Municipal Hos- 
pital on April 4, 1933. She began to have backache 
and lower abdominal pain in December, 1932, fol- 
lowing a dilatation and curettage. Treatment in the 
physiotheraphy clinic was instituted without im- 
provement. In February, 1933, pain radiated down 
her right leg in addition to her other symptoms. 
About 2 weeks later a thickening in the tendo achillis 
on each side was noted. Stretching of these tendons 
caused pain more marked on the left side. Conserva- 
tive orthopedic measures were instituted without 
relief. It was decided to explore the tendons but 
sudden development of pain in both shoulders and 
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wrists directed attention to removal of possible foci 
of infection. Accordingly, the tonsils and several 
teeth were removed. Careful examination showed 
nothing of importance related to the swellings of the 
heel cords. There were no patches of xanthelasma 
on the skin and the laboratory examinations were 
all normal. Exploration of the tendons was carried 
out on May 3, 1933, under nitrous oxide anesthesia. 
The sheath of the right Achilles tendon had numer- 
ous deposits in it which were yellowish ochre in color. 
On splitting the sheath the tendon itself was found 
to be about three times the normal size. It was 
grossly irregular and on palpation numerous nodules 
were felt throughout its course. The fibers were 
separated, thus exposing numerous hard lemon yel- 
low tumors scattered between the tendinous fibers. 
The tumors extended all the way to the insertion of 
the tendon and almost to the junction with the mus- 
cles (Fig. 8). The left tendon presented a picture 
which was almost identical. Not having any prece- 
dent for the treatment of this condition it was de- 
cided to pare down the tendons to their proper size, 
and to restore the sheaths. Accordingly, this was 
done. She made a good recovery and was discharged 
to the orthopedic clinic on May 15, 1933. Micro- 
scopic sections showed tendon fibers which were 
separated by areas of invasive fibrous tissue. The 
connective tissue fibers were young and were accom- 
panied by numerous mononuclears and giant cells. 
The tissue was fairly vascular and had the appear- 
ance of chronic granulation tissue. Fat stains re- 
vealed many lipochrome granules in the tumor cells. 
The relation of tumor tissue to tendon fibers in the 
sections was about equally divided. A diagnosis was 
made of xanthoma of the tendon sheaths and infil- 
tration with xanthomatous tissue of the tendons 
themselves (Figs. 9 and 10). 

During the summer, she became progressively 
more disabled as the tendons again increased in size. 
A course of roentgen-ray treatments of 450 r 
strength were given over the tendons until a total r 
dosage of 2300 was reached. There was no appreci- 
able effect from this. It was finally decided that 
nothing would succeed short of a radical excision of 
the whole Achilles tendon with reconstruction of a 
new tendon out of fascia lata. When she entered the 
hospital for this operation on October 17, 1933, there 
were tender indurated nodules 1 to 2 centimeters in 
diameter along both Achilles tendons. On the left 
side these extended for 22 centimeters upward and 
on the right side for 14 centimeters. Dorsiflexion 
was limited by pain on both sides at 110 degrees. 
Laboratory studies were normal. Resection of the 
right tendon with reconstruction was done on Octo- 
ber 18, 1933. A plaster cast was applied and not re- 
moved till November 21, 1933. At that time the 
wound was well healed; there was no evidence of re- 
currence and the grafted tendon appeared to func- 
tion. Physiotherapy was started. An operation 
similar to that of October 18 was carried out on the 
left side on November 29, 1933. She has had a long 
slow convalescence and has practically had to re- 
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learn how to balance herself before resuming her 
walking. ‘She now (March, 1934) gets about with- 
out crutches but has not yet resumed her normal 
gait. There has been no sign of recurrence of the 
xanthomatous condition. Sections of the excised 
tendons were exceedingly hard to cut but showed 
essentially the same picture as the original sections. 
This patient offered definite problems in orthopedic 
and plastic surgery, and her history is being reported 
in detail by Drs. Young and Harris. 

CasE 7. E. N., No. 40340, a girl of 14 years, was 
admitted to the Rochester Municipal Hospital for 
acute nasopharyngitis on October 29, 1930. While 
in the hospital a nodule about 2 centimeters in diam- 
eter was discovered at the insertion of the right 
tendo achillis. She said that it had been there sev- 
eral years and had not caused any discomfort. Ex- 
amination showed that there was a slightly movable, 
non-tender, subcutaneous nodule attached to the 
tissues at the insertion of the tendo achillis. The 
mass was soft in consistency with two central, 
rounded, somewhat cartilaginous bodies. Under 
nitrous oxide oxygen anesthesia the tumor was ex- 
posed. It was situated directly upon the posterior 
sheath of the distal end of the tendo achillis. It was 
not firmly adherent and was easily stripped off. It 
consisted of two firm, whitish, fibrous nodules. On 
microscopic section the tumor was composed mainly 
of moderately vascular connective tissue. The ves- 
sels were somewhat thickened and there were areas 
suggesting degeneration (Fig. 11). Diagnosis: de- 
generated fibroma. She was discharged after an un- 
eventful recovery. On May 9g, 1931, there was no 
evidence of recurrence. She has not been examined 
since. 

Case 8. A. S., No. 72052, a woman, aged 58 
years, was studied in the medical out patient de- 
partment for indigestion. On physical examination 
a tumor was discovered just above the right ankle 
joint. She said that it had been there for 15 years 
but had not caused any trouble until 1 year ago. At 
that time it became tender and increased in size. On 
examination a tumor measuring 2 by 2 centimeters 
was noted just above the ankle joint and on the 
medial side of the anterior tibial tendon. It was 
firm, ovoid in shape, very tender, and attached to 
the tendon or its sheath but freely movable under 
the skin. It was removed under local anesthesia on 
May 3, 1933. In the gross it appeared as a white, 

brous, firm, elongated mass 1 centimeter in diam- 
eter at its widest point. The cut surface was homo- 
geneously fibrous and white in color. Upon micro- 
scopic examination there were interlacing bundles of 
fibrous connective tissue cells with rather large nu- 
clei. A thin, fibrous capsule surrounded the mass 
(Fig. 12). Diagnosis: fibroma of tendon sheath. The 
wound healed well and she was discharged from sur- 
gical care on May 16, 1933. There was no sign of re- 
currence when examined on March 22, 1934. 

CasE 9. A. W., No. 63166, a woman, aged 32 
years, was admitted to the Rochester Municipal 
Hospital on September 25, 1932, for removal of tu- 
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mors from both wrists. She had first noticed a swell- 
ing on the dorsum of the left wrist 3 months ago. It 
was not painful and gave her no trouble until 1 
month later. It gradually grew in size and became 
sensitive. There was also a stiffness of the wrist 
joint. One month ago a similar swelling appeared on 
the dorsum of the right wrist. Examination showed 
a rather large swelling on the dorsum of the left 
wrist. It was not tender, measured 4 by 4 centi- 
meters in diameter, and seemed soft, almost fluctu- 
ant. The swelling over the dorsum of the right wrist 
was considerably smaller. The tumors were excised 
under ether anesthesia. A 12 centimeter linear in- 
cision was made in order to expose the tumor of the 
left wrist. It was found to be about the size of an egg 
and it enveloped all the extensor tendons running up 
into the forearm under the annular ligament which 
had to be divided to expose it. It was soft in con- 
sistency but did not seem to contain fluid. It was 
carefully dissected free from the extensors and the 
anatomical relations were restored. A similar pro- 
cedure was necessary on the right, the annular liga- 
ment again requiring division. Grossly the speci- 
mens consisted of a mass of fibrous tissue. In the 
specimen from the left there was a thin walled cyst 
1 to 2 centimeters in diameter in the center of the 
growth. The cyst lining was rugose and appeared 
covered by a serous membrane. Microscopic sec- 
tions showed masses of dense, fibrous tissue, richly 
infiltrated in foci with lymphocytes and plasma cells. 
There were many fibroblastic appearing cells present 
(Fig. 13). Diagnosis: fibroma with cystic degenera- 
tion or ganglion with chronic inflammation. Con- 
valescence was slow because of arthritic changes in 
the joints which prevented full motion. Progressive 
arthritis has kept this patient in the out patient 
clinic for the last 2 years. There has been no local 
recurrence of the tumors on either side. 

CasE ro. A. K., No. 46325, a woman, aged 58 
years, was admitted to the Strong Memorial Hospi- 
tal on April 24, 1931. She complained of a tumor of 
the right knee which had been present for 6 months. 
It had grown steadily in size and at the time of ad- 
mission was the size of a hen’s egg. Five treatments 
with roentgen rays had had no effect upon it. Ex- 
amination revealed an obese woman with otherwise 
normal physical findings except for the local condi- 
tion. There was a firm, non-tender mass about 8 
centimeters in length underneath the flexor group of 
muscles on the inner side of the right knee. It was 
movable, deeply placed and felt like cartilage. Spe- 
cial laboratory examinations were negative. There 
were no changes in the vital signs. The tumor was 
removed under local anesthesia. It was attached to 
the semitendinosus tendon about o.5 centimeter 
above its insertion into the fascia around the knee. 
The tumor measured 4 by 6 centimeters and was 
easily freed from the sheath. The tissue was soft, 
elastic and white with occasional yellowish granular 
surfaces. Microscopic section showed pale cedema- 
tous fibrous tissue which appeared to be degenerated 
and gelatinoid in areas. There were many large, pale 


blue staining cells with indistinct cytoplasm. These 
occurred in vacuolar spaces, and some of them looked 
like giant cells. The whole tumor gave the impres- 
sion of a transition stage to preformed cartilage 
(Fig. 14). Diagnosis: synovioblastoma—transitional 
to chrondroma. The convalescence was uneventful. 
She was discharged on May 4, 1931. There has been 
no recurrence or further trouble to the present. 
CasE 11. T. F., No. 73777, a man, aged 21 years, 
was admitted to the Strong Memorial Hospital on 
April 24, 1933. He had had a tumor the size of a 
walnut removed from the anterolateral aspect of his 
right wrist at the age of 4,17 yearsago. The patient 
remembers having a large rounded tumor in this 
same region beneath the old scar for at least 10 
years. It has not changed in size but there was a 
time 8 years ago when there was pain and tenderness 
in the mass. In the last few weeks there has been 
recurrent discomfort which has become severe 
enough to prevent the use of the hand during the 
last fortnight. He thinks that he may have brought 
on this episode by bowling. There have been no con- 
stitutional symptoms. General examination showed 
a relatively normal individual except for the local 
condition. Locally there was a long, well healed 
cicatrix on the lateral side of the volar aspect of the 
right wrist. There was a fusiform, slightly lobu- 
lated, resilient, non-tender mass measuring 3 by 5 
centimeters in diameter attached to the deep struc- 
tures. The skin over it was freely movable. There 
were no sensory changes in the hand. Extension of 
the wrist was limited at ro degrees, flexion at 35 de- 
grees. The opponens power of the thumb was weak. 
There were no epitroclear or axillary glands palpable. 
Roentgen ray did not show any evidence of bone 
involvement (Fig. 15). Under avertin, local and 
nitrous oxide anesthesia, the scar of the previous in- 
cision was removed and flaps dissected, exposing a 
long, cylindrical, firm tumor of reddish brown ap- 
pearance with many dilated vessels running into it. 
It was not well localized from the surrounding tissue 
and had to be removed by sharp dissection. It was 
attached firmly to the annular ligament of the wrist. 
It was also firmly bound down to the two extensor 
tendons of the thumb. It was carefully dissected 
free and removed in one piece. Closure was made in 
layers with fine catgut and silk. The hand was placed 
in a cocked up position on a molded plaster splint. 
Grossly, the tumor consisted of an oval mass of tis- 
sue measuring 4 by 2 by 2 centimeters. On section it 
appeared to be dense fibrous septa separating large 
vascular spaces. It was surrounded by fat and not 
definitely encapsulated. Microscopic sections showed 
numerous densely arranged, various sized blood ves- 
sels with fibrous tissue surrounding them. One vessel 
showed a well organized thrombus in its lumen 
(Fig. 16). Diagnosis: fibrohemangioma of the ten- 
don sheaths. He was discharged from the hospital 
on May 1, 1933. The wound healed well. Physio- 
therapy was started and wrist joint motion restored 
to normal after 114 months. In March, 1934, the 
wrist was normal and the tumor had not recurred. 
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ig. 1. Case 1. The characteristic spindle cells with 
rcellular fribrils make up the greater part of the pic- 
. Typical giant cells and phagocyted blood pigment 
also present but no xanthoma cells were found in the 
ions studied. X 135. 


Cases 1 to 6 well illustrate the features of 
|e commonest tumor of the tendon sheaths. 
‘| 1ese giant cell tumors are characterized by 

insidious onset and a relatively slow growth. 
‘liey are most commonly seen on the tendon 
sheaths of the hands; and next most fre- 
quently on those of the feet. Then, there is a 
scattering of localization to the tendon sheaths 
about the wrist and ankle joints. Rarely these 
tumors occur more proximally to the body. 
Their seat of origin on the hands and feet 
makes discovery rather early. Even despite 
the usual delay of the patient in seeking atten- 
tion, the size of the tumors is rarely greater 
than that of a walnut and usually it is even 
smaller. The tumors about -the wrist and 
ankle tend to be larger. In general, the more 
peripheral the position the smaller the size 
and vice versa. There have been cases re- 
ported the size of a fist (Ali Krogius’ Case 1); 
the size of a goose egg (Kurtz); ‘of unusual 
size”’ where the tumor occupied the whole cen- 
tral part of the foot (Ragius); and as large as a 
hen’s egg (Sprenger), (Gonzalez-Aguilar). 
Occasionally the growth becomes accelerated 
after a slow development over a period of 
years. Symptoms which may arise are due to 


Fig. 2. Case 2. This area shows many giant cells and 
the more compact type of connective tissue cells with 
intracellular blue staining material and suggestions of 
synovial spaces. X 135. 


limitation of function of involved tendons or 
pressure on nerves. When a large nerve is in- 
volved, paroxysms of pain may occur as in 
Kurtz’s case. Pressure on bones may be so 
gradual as to cause no symptoms but may 
result in erosion, or replacement of bone (as in 
Harbitz’s Case 4 or Ragius’s Case 1); or pres- 
sure atrophy with deformity (Esau and 
Hueckel) and (author’s Case 5); occasionally 
infection of the tumor occurs (author’s Case 
2). The tumors are usually smooth, rounded, 
or lobulated. They give an impression of be- 
ing hard or elastic. Sometimes they are 
slightly tender on firm pressure. The skin 
is freely movable over them and they change 
position with motion of the involved tendon. 
Sometimes they occupy a position lateral to 
the sheath. Occasionally more than one tu- 
mor is present (Jebens’ case) (author’s Case 
3). The tumors are well encapsulated and 
shell out readily at operation. The tendon 
and surrounding structures are not involved 
asarule. Attachment to the periosteum may 
occur when such a tumor arises from a bursa 
(Hertzler). Very rarely invasion of the ten- 
dons themselves is noted (Ollerenshaw’s case; 
author’s Case 6); but these two examples are 
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Fig. 3. Case 3. The roentgenogram shows a soft part 
dense swelling with no involvement of the bone. 


the only cases of this kind in the literature. 
There is rarely a recurrence if operation has 
been properly executed but when it is incom- 
plete recurrence may take place (author’s 
Case 3). Metastasis from this type of tumor 
is not reported. In gross appearance the tu- 
mors are varied in color. White, grey, red, 
brown, and yellow are frequently described as 
the predominant hues. When the character- 
istic bright yellow or red brown splotches are 


noted interspersed through the tumor, the 
surgeon can be reasonably sure that he is deal- 
ing with a growth of this type. 

The microscopic appearance of these growths 


is also perfectly characteristic. The basic 
cells of these tumors are either typical fibro- 
blasts with abundant or sparse intercellular 
fibrils; or more compact blunted connective 
tissue cells with ovoid nuclei and homogene- 
ous blue staining intercellar material. These 
probably represent the synovial connective 
tissue cells and, as a further evidence of it, 
synovial spaces may be encountered in these 
areas (King). In addition to these cells, there 
may be found giant cells; xanthoma cells; 
blood pigment; and cholesterin crystals. The 
giant cells and xanthoma cells may be taken to 
represent the endothelial structures in the 
tumors, reacting in response to the presence of 
the foreign bodies—blood pigment and choles- 
terin crystals. Giant cells and xanthoma cells 
are actively phagocytic and may disappear 
when the foreign material has been cared for. 


Fig. 4. Case 3. In the upper left hand corner there are 
xanthoma cells with foamy cytoplasm and central small 
dark staining nuclei. The rest of the section shows dense 
fibrous tissue with giant cells; and occasional areas of blue 
staining intercellular substance. 


Consequently, the presence of these scaven- 
gers is more or less fortuitous but of definite 
diagnostic value as an indicator of the nature 
of the growth. 

There has been considerable discussion and 
difference of opinion in regard to the true 
classification of these growths (3, 10, 13, 15). 
They have been classified as inflammatory by 
many observers, the reaction to trauma being 
assigned as one etiological factor. Many look 
upon them as granulomata. Still another 
group considers them as due to imbalances in 
the metabolism of the lipoids especially cho- 
lesterol. And lastly they are thought to be 
true benign neoplasms by a large number of 
competent pathologists. In many respects 
they bear a close analogy to the giant cell tu- 
mor of bone. It has long been known that 
there are infiltrations of the skin and other 
organs with lipoid containing xanthoma cells 
in systemic diseases such as diabetes, nephro- 
sis, etc. Also, any systemic condition which 
disturbs the lipoid metabolism such as jaun- 
dice may be associated with hypercholesterol- 
emia and a deposit of lipoids in certain loca- 
tions. Nevertheless, it does not follow, that 
there is always a systemic derangement in 
these cases simply because giant cell tumors 
of tendon sheaths have been found in the 
presence of such a systemic disorder as in the 
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g. 5. Case 4. There are xanthoma cells in the central 
p: ofthesection. Phagocytic giant cells are prominent on 
th eft. The variation in size and shape of the connective 
ti e cells is characteristic. XX 150. 


of McWhorter and Weeks, Kusnetzow- 
sk , and Ollerenshaw. In fact quite the con- 
tr ry has been the result in many carefully 
st lied clinical cases. For instance in our 
C. se 6 the blood chemistry and cholesterol 
dc erminations were repeatedly within normal 
liv its. This case might reasonably have been 
exected to be on a systemic basis because of 
th: bilateral distribution of the tumors and 
the close resemblance to that of Ollerenshaw. 
A very similar analogy obtains for giant cell 
tumors of bone in the presence of hyperpara- 
thyroidism. Collections of giant cells in this 
condition may be found in relation to the 
cystic areas in the bones but these do not con- 
stitute giant cell tumors any more than the 
patches of xanthelasma in the skin constitute 
giant cell xanthomatous tumors. Ely has re- 
ported the simultaneous occurrence of a giant 
cell tumor in the fibula and in the peroneal 
tendon sheath, but there are no other cases of 
this kind recorded. The weight of evidence at 
present seems to indicate that the localized 
growths of the tendon sheaths are not the 
manifestations of a general disease but true 
benign neoplasms. It is an open question 
whether these growths could be made to take 
on malignant characters by repeated insults 
as is certainly the case in giant cell tumors of 
bone. It is unfortunate that so many terms 
have been used to describe the benign giant 
cell tumors of the tendon sheaths. Until fur- 
ther evidence is forthcoming it seems that it 


Fig. 6. Case 5. The roentgenogram shows the dense 
soft part shadow and the pressure atrophy of the outer as- 
pect of the cuboid. It is sometimes difficult to differentiate 
between a secondary involvement of bone and a primary 
bone tumor with extension to the soft parts. 


Fig. 7. Case 5. To the left of the section there is a mass 
of cholesterin crystals; next to which are collections of typi- 
cal xanthoma cells. In the lower right hand corner is a mass 
of blood pigment. Giant cells are present scattered through- 
out. Compact blunted connective tissue cells with much 
bluish staining intercellular material comprises the bulk of 
the section. X 75. 
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Fig. 8. Not only were the sheaths involved on both 
sides but the tendons were greatly enlarged and infiltrated 
with tumor nodules. 


would be well to regard the designations giant 
cell sarcomata, giant cell myelomata, or sar- 
comata with myeloplaxes as incorrect. 

Cases 7 to 11 illustrate some of the varia- 
tions which may be encountered in these tu- 
mors of the tendon sheaths. Case 7, for ex- 
ample, might be considered a pure fibroma of 


adult type cells. The section suggests in 
places that the cells are undergoing degenera- 
tion. It is quite likely that this is evidence of 
secretory activity with no normal outlet. 
There are many slit-like openings which may 
represent synovial spaces. In Case 8, on the 


Fig. 9. Case 6. A small area with giant cells is seen in 
the lower central portion of the section. Just above it are 
cells containing lipochrome granules. On special fat stains 
these cells are quite numerous and are interspersed through- 
out the field. The main mass of the tissue consists of rela- 
tively young fibroblasts replacing and invading the normal 
tendon structure which is shown traversing the upper part 
of the field. X 75. 


other hand, the fibroma consists of interlacing 
bundles of a more immature type of connec- 
tive tissue. This may well be the late stages 
of a synovioma which is going over into pure 
fibrous tissue. Case g is a beautiful example 
of one of these synovial sheath tumors which 
are loosely grouped under the term “gan- 
glion.”’ There are clearly reproduced synovial 
fringes and papillary projections into spaces 
occurring in this tendon sheath tumor. The 
infiltration with cells of a chronic inflamma- 
tory type further emphasizes the similarity to 
the synovial villi seen in chronic arthritis. 
These tumors were clinically not the typical 
ganglia but much more truly neoplastic in 
nature. It is certain that they would be con- 
sidered neoplastic by most pathologists as th 
main mass of the tumor consisted in dens: 
fibroblastic tissue. The fact that these syno- 
vial cells have gone on to complete differen 


tiation with reproduction of the characteris. 


tics of synovial membranes is a true indicatio: 
of their origin. It is customary to look upo: 
ganglia as fibrous tumors which have under 
gone cystic degeneration. It would seem muc’ 
more logical to look upon them as tumor 
originating from synovial cells which have pre 
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Fig. 10. Case 6. This section shows the normal tendon 
dark staining—being crowded aside and invaded by an 
tively growing connective tissue. X 75. 


- rved their function of secreting mucin for 
hich there is no outlet, and hence a cyst 
' rms. Certainly pathologically, there is little 
idence to support the theory that the cysts 
ise from degeneration in these tumors. 
ase 10 shows that the synovial cells possess 
-markable powers of differentiation. The 
vclls are blunted, the nuclei rounded. There 


is an abundance of blue staining mucinous 
material as an intercellular ground substance. 
The whole tumor shows this structure quite 
uniformly and areas such as that in the center 


Fig. 12. Case 8. There are many interlacing bundles of 
connective tissue cells with numerous fibrils in this section. 
It may be considered a fibroma of the tendon sheath. X 75. 


Fig. 11. Case 7. The section is mainly composed of con- 
nective tissue cells of adult type. There are numerous slit- 
like synovial spaces. X 75. 


of the illustration represent a transition to 
cartilage. In time this tumor would have un- 
doubtedly become a true chondroma of the 
tendon sheath. A number of examples of 
chondroma of the tendon sheaths have already 
been reported (Janik, Brenckmann and Jung, 
Chevrier). Case 11 affords a perfect example 
of a rather uncommon tumor of the tendon 
sheaths which had recurred after incomplete 
removal years previously. Burman and Mil- 


Fig. 13. Case 9. Projecting papillary growths of syno- 
vial origin with chronic inflammatory infiltration found in 
the central portion of a dense fibrous tissue tumor. This 
well illustrates the origin from synovial connective tissue. 


X 75: 
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Fig. 14. Case 10. The central portion of the section 
shows early cartilage forming from synovial cells. X 75. 


gram have assembled 16 cases of these ham- 
angiomata. N. Della Mano and Princigalli in 
1933 added typical examples to the literature. 


Fig. 15. Case 11. Large soft part density without bone 
involvement. It is subcutaneous and surrounds the ten- 
dons. 


There were no instances in our cases of the 
more unusual forms of tumors such as lip- 
omata (Strauss, White, Brandao, Chiarissimo, 
Valdoni); lymphangio-endotheliomata (Fal- 
dini, Scagliosi, Huguenin and Oberling, Princi- 
galli); nor of the malignant varieties of which 
there are reported cases scattered through the 
publications on collected tendon sheath tu- 
mors (Tourneaux, Harbitz, Janik, etc.). 

At this point it seems logical to consider the 
embryology and biology of the synovial cells. 
Recent studies have furnished increasing evi- 
dence of their undoubted mesenchymal origin. 
It has been established that all cells having 
such an origin possess the capacity of revert- 
ing to the primitive fibroblast (12). From tis- 
sue culture studies on synovial cells, Vaubel 
has been able to demonstrate that these cells 
produce mucin not as a cellular degeneration, 
but as a true secretion. He regards this mucin 
production as a ground substance of the syno- 
vial tissue analogous to the intercellular sub- 
stance of the cartilage matrix except that it 
persists in a liquid state. Under certain condi- 
tions the synovial cells exhibit a decided poly- 
morphism—varying in contour from round to 
polygonal to almost epithelial appearances on 
the one hand and to typical spindle forms on 


the other. There is also morphological evi- 
dence that the synovial membrane is a spe- 


Fig. 16. Case 11. The microscopic picture is of spaces 
filled with red blood cells surrounded by a wall of fibrous 
tissue. The whole section is typical for fibrohemangioma. 
x 
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ciilized type of connective tissue (Segale). On 
studying the histology of normal and abnor- 
mil synovial membranes, the importance of 
ths varying underlying supporting tissue was 
b: ught out by Key. These supporting tis- 
sts Offer a considerable range of morphology 
fr m areolar to adipose to fibrous in nature. 
K ag has drawn attention to the transitions of 
tl synovial cell through a pseudo-cartilage to 
a rue cartilage cell in the regions where the 
s\ 1ovia attach to the cartilage. The richness 
0: he blood and lymphatic supply to the syno- 
v. | membrane offers a chance for endothelial 
e] nents and their derivatives to take part in 
th tumor formation. In summary, the syno- 
vi | cell is one which enjoys multipotential 
v: iations. Under some conditions it may re- 
v t to the primitive type spindle form connec- 
ti» tissue; but it is closely related to the 
ca tilage and bone cells and in certain areas 
po sesses the ability to differentiate in the 
di: ction of cartilage. This primitive synovial 
ce. may be designated as a synovioblast to cor- 
re-pond to similar chondroblasts and osteo- 
blasts of the precursors of cartilage and bone. 

‘he tumors which arise from the tendon 
shcaths, then, may consist of the synovial cell 
an its variants as the central figures. But 
the supporting areolar, fibrous or fatty tissue 
may also take a part in the formation of the 
growth; and the endothelial elements may 
enter from the richness of the blood and lym- 
phatic supply. From the endothelium, scav- 
enger cells such as macrophages, giant cells 
and reticulo-endothelial cells, may escape to 
lend variety and color to the tumor. The 
pathologist has as his task the sifting of the 
essential from the non-essential elements. He 
must, if possible, assign the proper weight to 
each component of the growth. If proper rec- 
ognition can be given to the site of origin, it 
may be useful to draw up a tentative classifi- 
cation which has the merit of applying equally 
well to the growths of tendon sheaths, burse, 
and joints. Such a schema is herewith sub- 
joined in the hope that it may serve as a work- 
ing basis for a more complete classification of 
these tumors as material accumulates. 

Synoviogenic tumors. ‘Tumors having their 
origin in the synovial membranes of tendons, 
burs, joint capsules, and joint linings. 


Benign 
Tendon sheaths Joints and Burse 
a. synovioblastoma. . ganglion”’.synovioblastoma 
intra-articular 
extra-articular 
c. chondroma or osteochondroma.chondromatosis 
d. giant cell xanthoma......... giant cell synovial 
membrane tumor 


hemo hemo 
lymph lymph 


Malignant—Synoviogenic sarcomata—These con- 
tain many of the elements derived from the synovial 
membranes or from the tissues in apposition to 
them. The cases reported are as yet too few in num- 
ber to separate out anatomic types. 

Metastatic involvement of tendons, burs or joints 
practically never occurs. 


CONCLUSIONS 


Tumors of the tendon sheaths are closely 
related to tumors of joints and bursz. 

The basic cell of all these tumors is the syno- 
vial cell. 


The synovial cell is a modified mesenchymal 
cell with multipotential qualities. 
It may revert in one direction to the fibro- 


blast or may go over into cartilage and bone in 
the other. 


Evidence is presented to support this con- 
tention and a tentative classification of tu- 
mors of the tendons, joints, and burs is pro- 
posed. 
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surgical treatment has been accom- 
plished in a sufficient number of cases to 
remove any doubt that cure is possible under 
certain circumstances. It is unfortunately 
true, however, that the number of cures in re- 
lation to the incidence of the disease is pitiably 
small. If, however, the possibility is consid- 
ered of the curability of carcinoma of the 
stomach when it is still confined to the walls 
of the stomach and is widely removed, it is 
found that about 50 per cent of the patients 
are alive and apparently without recurrence 
5 years after operation. The earliest possible 
recognition of the growth and its prompt and 
thorough removal, therefore, is the hope of the 
patient with carcinoma of the stomach. In ad- 
dition to the possibility of cure, surgical treat- 
ment properly applied in many of theless favor- 
able cases will prolong life, will protect against 
disagreeable complications, and in many re- 
spects will fully justify such treatment. 

In regard to the most important factor in 
increasing the percentage of cures, that is, 
early diagnosis, it is an unfortunate paradox 
that although the disease readily can be iden- 
tified in its early stages, this is rarely done. 
The competent fluoroscopist may, in rare in- 
stances, fail to detect early carcinoma of the 
stomach, but all too often the first fluoroscopic 
examination discloses advanced disease. The 
chief reason for this frequently has been 
pointed out, namely, the early clinical signs of 
carcinoma of the stomach are often so vague 
and apparently so insignificant, that the ne- 
cessity of the only examination (roentgeno- 
logical) by which the early, symptomless le- 
sion can be detected is easily overlooked. To 
avoid this error, which interferes so seriously 
with increasing the efficiency of treatment of 
the disease, is a problem of modern medicine 
which presents unusual difficulties. 

When a pre-operative diagnosis of carci- 
noma of the stomach has been made, or a le- 
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sion which may be malignant has been demon- 
strated roentgenologically, the basic indication 
for treatment is that unless definite metas- 
tasis can be demonstrated, surgical explora- 
tion of the growth is warranted. This prin- 
ciple cannot always be followed, for there may 
be clear evidence, such as involvement of the 
cardia, that the growth is irremovable. The 
conscientious surgeon, however, should view 
the situation from the standpoint that cure 
may sometimes be brought about in cases in 
which, on pre-operative examination, the dis- 
ease appears too far advanced for cure. Such 
a view tends, of course, to decrease the rate of 
resectability when based on the number of 
cases in which exploration is made, to increase 
the rate of resectability when based on the 
number of patients whose condition is diag- 
nosed as carcinoma of the stomach, and also 
to increase the operative mortality rate. The 
effectiveness of surgical treatment is greater 
with such practice, however, both in respect 
to the number of cures and to the degree of 
palliation. 

The question of whether metastasis is pres- 
ent in carcinoma of- the stomach is of first im- 
portance in determining whether or not surgi- 
cal treatment is indicated. Fortunately early 
distant metastic growths occur in situations 
in which they can be detected by careful 
examination and when they are found the 
situation is clarified in so far as any prospects 
of cure are concerned, but when they are 
overlooked unnecessary exploration may be 
made. The most common sites of distant 
signs of incurability are the supraclavicular 
lymph nodes and the peritoneum of the rectal 
shelf. Nodules in either site denote incurabil- 
ity, but not always undesirability of explor- 
ation. When enlarged lymph nodes are pal- 
pable in the supraclavicular area, and the 
patient is known to have carcinoma of the 
stomach, the nodes must be considered me- 
tastatic until proved otherwise. Usually they 
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fit into a picture already identified as that of 
inoperability, and the assumption that they 
are malignant is warranted. Occasionally, 
however, the primary growth is small, ob- 
struction is present or is impending, and the 
enlarged lymph nodes are not as typical of 
metastatic nodules as those which usually are 
encountered. It is then necessary to excise, 
under local anzsthesia, a nodule satisfactory 
for microscopic examination, and treatment is 
then directed according to the result of this 
study. If the excised node is malignant, op- 
eration is always contra-indicated even if 
marked obstruction is present, for the life of 
the patient is so near an end, that non-surgical 
treatment of the obstruction is best. If the 
nodes prove to be inflammatory and there are 
no other detectable metastatic growths, ex- 
ploration is indicated unless the lesion or its 
local extension or other factors make explo- 
ration unwise. 

Involvement of the peritoneum of Douglas’ 
pouch should be most carefully sought for, as 
this may be the site of not only an early, but 
also of the only metastasis. Rectal examina- 
tion of patients with carcinoma of the stomach 
should never be omitted, should be made after 
the bowel is cleared of faecal material, and the 
patient should be examined in both the lithot- 
omy and knee-chest positions. Peritoneal im- 
plantation in Douglas’ pouch is usually suf- 
ficiently well defined either because of the 
almost cartilaginous feeling of the tissue, as 
described by Blumer, or because a distinct 
nodular mass is fixed to the pelvic peritoneum 
as it is reflected from the anterior aspect of 
the rectum. Not infrequently, however, a 
sense of rigidity of this portion of the peri- 
toneum may arouse only suspicion that im- 
plantation has occurred, and in the absence of 
definite nodules, exploration of the gastric le- 
sion may be advised if it is otherwise indi- 
cated. The mechanism of pelvic implantation 
from a gastric lesion probably differs from 
that of supraclavicular metastasis. The latter 
obviously takes place through the lymph 
channels, and the former apparently is by 
direct implantation of cells. The most striking 
example of such implantation is seen in the 
Krukenberg tumors; examples of such tumors 
have been encountered in the form of large 


malignant, pelvic tumors secondary to small, 
non-perforating carcinomata of the stomach 
which caused no digestive disturbance, and 
which were not detected until the pelvic tu- 
mors had been removed. It is because these 
rectal secondary growths are probably true im- 
plants that operation on the primary growth 
may occasionally be advisable even when sec- 
ondary rectal growths are definitely present. 
For example, the patient who is in good gen- 
eral condition but who has an antral lesion 
that is producing obstruction may be greatly 
benefited by operation both in respect to relief 
of symptoms and length of life, even if growths 
in the rectal shelf are encountered in the 
course of the pre-operative examination. 
The more common adjacent sites of metas- 
tasis are the liver and the region of the um- 
bilicus, and when such metastatic growths are 
demonstrable clinically, operation is contra- 
indicated regardless of other circumstances. A 
nodule in the region of the umbilicus may be 
so small that its excision is advisable to permit 
more positive examination, and the difficulties 
of determining by clinical examination wheth- 
er or not an enlarged liver is secondarily in- 
volved, are well known. The applicability in 
these cases of more recent methods of roent- 
genological visualization of metastatic nodules 
in abdominal organs by administration of 
thorotrast is as yet unknown. If doubt exists 
as to whether metastasis to the liver has taken 
place, and if circumstances otherwise indicate 
that exploration is warranted, it should be 
done. The indications for surgery when intra- 
abdominal metastasis is encountered after the 
abdomen is opened will be discussed later. 
Extra-abdominal metastasis is relatively 
rare with carcinoma of the stomach, except in 
the supraclavicular lymph nodes. For ex- 
ample, pulmonary metastasis is so rare that 
it is not the routine in The Mayo Clinic to 
make a roentgenogram of the thorax in these 
cases. In a study of all the roentgenological 
examinations of the lung made in the clinic up 
to 1930, Kirklin and Ochsner found that pul- 
monary lesions definitely secondary to carci- 
noma of the stomach were extremely uncom- 
mon, and only 3 instances could be found. There 
was 1 case each of involvement of the right 
lung, the left lung, and both lungs. In 2 of 
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these cases the lesions were circumscribed; 
in the other, the lesion was of the infiltrative 
type. The suspicion, therefore, that the dis- 
ease is more advanced than the local lesion 
makes it appear to be, should be confirmed 
by roentgenograms of the thorax. 

Abdominal metastasis other than the forms 
mentioned are not infrequently detectable or 
suspected by the demonstration of fluid or of 
extragastric masses, and such findings defi- 
nitely contra-indicate any surgical treatment. 

The significance of irremovable metastasis 
discovered at exploration, therefore, is incur- 
ability, but, as will be pointed out, such 
growths may in certain circumstances not 
preclude the possibility of long continued 
palliation by removal of the primary growth. 

Examination of the upper part of the abdo- 
men frequently will disclose findings of impor- 
tance in deciding as to the advisability of 
operation, and when such information is cor- 
related with the roentgenological report of the 
character of the lesion, as shown by fluoro- 
scope and roentgenogram, the possibilities of 
surgical treatment become more predictable. 
There are, however, frequent apparent incon- 
sistencies between physical findings and surgi- 
cal possibilities. The most common fallacy is 
that the non-palpable growth is more likely 
to be found removable than the palpable one, 
but the reverse is often true. The large growth 
often is of the colloid type, with sharply de- 
fined margins, whereas the small lesion may 
extend by infiltration and have little tendency 
to formation of tumor. When the growth can 
be palpated, its mobility is of extreme impor- 
tance in estimating the possibility of removal. 
A very large tumor, freely movable, particu- 
larly laterally, is perhaps more likely to be 
found resectable than a small tumor which is 
more or less fixed. A high lying lesion, the 
edge of which presents at the left costal mar- 
gin on inspiration, on shifting the position of 
the patient may be found to be mobile and 
accessible. I have observed cases in which the 
condition apparently was inoperable, because 
a tumor was situated in the fundus and was 
concealed by the thoracic wall; however, the 
growths were readily removed because they 
involved chiefly the greater curvature. The 
large, fixed tumor is almost always inoperable, 


and when it extends to the right enough to 
make difficult its differentiation from an en- 
larged and involved liver, exploration should 
be advised against. Multiple tumors are also 
almost certain evidence of incurability, for 
they usually represent malignant infiltration 
of the great omentum. 

The correlation of physical findings with 
the roentgenological report is exceedingly im- 
portant and is later discussed. 

The age of the patient is important in con- 
sidering the advisability of operation for gas- 
tric carcinoma. Other things being equal, the 
younger the patient the more clear are the in- 
dications for exploration, and it is on relatively 
younger patients that the most extensive op- 
erations are justified. Total gastrectomy, for 
example, does not seem a reasonable proce- 
dure if a patient is 70 years of age, whereas 
the same procedure might be justifiable if a 
patient were 50. The possibilities of cure of 
younger patients, moreover, are as good as 
when patients are older, a fact which is con- 
trary to what I believe is the general impres- 
sion. Gray, for example, in a study of 273 
patients who obtained 5 year cures following 
resection done in the clinic, showed that the 
percentage of cures was as high among pa- 
tients who were in the decade of life from 35 
to 45 years as among those who were in the 
decade from 60 to 70 years. The practice, 
therefore, of attempting to carry out gastrec- 
tomy for the more extensive lesions of young 
patients is sound. 

The condition of the patient is not always 
easy to judge correctly, in so far as the oper- 
ative risk is concerned. Extremes are signifi- 
cant. The patient who is markedly over- 
weight constitutes a poor risk, as does the 
patient who has lost much weight, particu- 
larly if loss has been rapid. Of these, however, 
the patient who is underweight apparently has 
less liability to complications, such as those 
referable to the lung, than have patients who 
are overweight. In the average case, estima- 
tion of the condition of the patient who has no 
other organic disease is largely speculative, 
since the factors which have to do with re- 
covery are too intangible to be measured. 
The mortality rate of gastric resection among 
women, for example, is consistently lower than 
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among men, as is true in many other surgical 
procedures. Extreme anemia in the absence 
of previous gross hemorrhage is an unfavor- 
able sign, but moderate secondary anemia 
apparently is not. In fact, I am under the 
impression that moderately anemic patients 
withstand operation for gastric carcinoma 
even better than those with a normal blood 
picture. Recent development of oedema of 
feet and ankles suggests an inoperable lesion 
as well as increased risk. 

Pain in gastric carcinoma has significance 
in respect to operability. Although distress is 
a common symptom, severe pain is rare, and 
usually is the result of extragastric involve- 
ment from penetration or perforation of the 
growth. Because of this, pain is an unfavor- 
able sign, and when it is pronounced, and 
particularly when it is referred posteriorly, 
the possibilities of thorough removal of the 
growth are remote, even if the size and situa- 
tion of the lesion apparently favor removal. 
Of significance also is a marked sensation of 
fullness after ingestion of a small quantity of 
food. Although fullness after eating is one of 
the most common of the early manifestations 
of gastric carcinoma, and therefore of no par- 
ticular significance from the standpoint of 
operability, inability to take small quantities 
of food or drink usually is evidence that ex- 
tensive involvement of the walls of the stom- 
ach already has taken place. Dysphagia sug- 
gests encroachment on to the cardia and is a 
bad prognostic sign. 

The value of laboratory investigations in 
carcinoma of the stomach, from both diag- 
nostic and prognostic standpoints, is very lim- 
ited. It is now well known that little depend- 
ence can be placed on the presence or absence 
of free hydrochloric acid in diagnosis of the 
disease, since in approximately 50 per cent of 
cases of proved carcinoma of the stomach, 
free hydrochloric acid is present. From a 
prognostic standpoint it has been interesting 
to find that studies made by Gray of patients 
cured by gastric resection, demonstrated that 
the rate of curability was definitely higher 
among those with achlorhydria than among 
those with hydrochloric acid, and apparently 
the higher the value for acid, the less the 
prospect of cure. 
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The correlation between clinical signs and 
symptoms on the one hand, and roentgenolog- 
ical examination on the other, is of the great- 
est importance. Fluoroscopic and roentgeno- 
graphic examination by a competent roent- 
genologist will give more definite information 
as to the characteristics of the growth than 
all other methods combined. Roentgenology 
is not correctly employed, however, if the 
findings are not properly correlated with the 
clinical signs and symptoms. A report, for 
example, of an inoperable carcinoma of the 
stomach may surprise the clinician who has 
found the patient in fairly good condition, 
with a freely movable, although large, tumor. 
Further consideration, with possible re-exam- 
ination by the roentgenologist, may qualify 
the report to the extent that it is agreed that 
surgical exploration of the growth should be 
advised. On the other hand, a negative 
roentgenological report may confuse the expe- 
rienced clinician who, without definite clinical 
symptoms or findings, suspects that malig- 
nancy of the stomach is present. Re-examina- 
tion by the roentgenologist is then imperative, 
since certain small lesions of the fundus occa- 
sionally are detectable only by repeated fluor- 
oscopic and roentgenographic examination. I{ 
the roentgenological findings are still nega- 
tive, but the clinician’s suspicions are not 
allayed, and if clinical evidence does not justi- 
fy exploration, the patient should be advised 
to have further roentgenological studies made 
in 6 weeks or 2 months, regardless of the 
course of the symptoms. Roentgen rays, in 
their effect of providing information that in 
no other way is obtainable, may disclose some 
anatomical abnormality which to the surgeon 
introduces unusual possibilities. For example, 
Kirklin on one occasion drew my attention to 
a case in which the entire stomach apparently 
was involved in malignant disease, but the 
abdominal portion of the cesophagus was so 
prolapsed, and entered the lesser curvature at 
such a point that I found total gastrectomy 
with cesophagojejunostomy to be a relatively 
simple procedure. Since exploration already 
had been carried out elsewhere on the patient 
and the condition had been pronounced in- 
operable, advisability of another exploration 
was determined entirely from the roentgen- 
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ological report. This patient weighed 75 
pounds (34 kilograms) at the time of oper- 
ation; she gained 35 pounds (15.9 kilograms) 
after operation and lived more than 2 years in 
comfort and enjoyment of an active life before 
succumbing to hepatic metastasis. 

The limitation of roentgenology in the field 
of gastric malignancy is in identifying the small 
ulcerating lesion, and the experienced roent- 
cenologist will be cautious in giving a positive 
opinion as to the question of malignancy in 
the presence of these small lesions. Kirklin 
and Eusterman recently have presented some 
important criteria on which at least a pro- 
visional diagnosis can be given. In so far as 
the indications for surgical treatment of the 
questionable gastric lesion is concerned, I 
believe it is generally accepted that unless an 
ulceration continues to exhibit a benign char- 
acter by consistent and definite healing, it 
should be assumed to be at least potentially 
malignant and should be dealt with accord- 
ingly. 

The indications for operation in cases of 
gastric carcinoma require selection of the 
optimal time for operation. The risk of re- 
section under the most favorable conditions 
is not great considering the seriousness of the 
problem, but the attainment of a low mor- 
tality rate, provided it is consistent with the 
highest possible rate of operability and thor- 
ough removal, is an accomplishment demand- 
ing most meticulous care in all the details 
involved in treatment. The patient should 
then be in the best condition possible for 
operation, and this frequently requires hos- 
pitalization so that the effects of obstruction 
may be overcome, dehydration counterbal- 
anced, the stomach cleansed, and nutrition 
improved as much as is reasonably possible. 

Exploration for carcinoma of the stomach 
should be carried out under anesthesia ade- 
quate to permit accurate determination of 
what can be accomplished. For this reason, 
local anesthesia must be used with a con- 
sciousness of its limitations. Abdominal wall 
block is frequently employed in the clinic to 
permit exploration for carcinoma of the stom- 
ach, but in those cases in which it is not im- 
mediately apparent that either the growth is 
removable or that peritoneal implants give 
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evidence of inoperability, a general anesthetic 
is given to permit thorough examination to 
determine the extent of the disease. The in- 
cision should vary with the situation of the 
growth. An incision in the median line is 
satisfactory for lesions of the body and an- 
trum; for fundic lesions, or for those in which 
total gastrectomy is contemplated, a left 
rectus incision is advantageous. 

Unless it is clearly apparent that the dis- 
ease is incurable because of peritoneal im- 
plants, careful abdominal exploration should 
first be made. This exploration should in- 
clude the routine examination which would 
disclose any independent lesions or disease 
which might be detectable. Examination of 
the gall bladder and of the biliary tract, 
therefore, is of particular importance because 
of the frequency of disease in these structures. 
The importance of a record of any other le- 
sion within the abdomen cannot be overesti- 
mated. As an illustration of this fact, I can 
recount the case of a man aged 70 years, on 
whom I operated for an extensive carcinoma 
of the stomach, and for which subtotal gas- 
trectomy was performed, supposedly as a 
palliative procedure only, since the apparently 
involved lymph nodes could not be removed. 
The gall bladder was almost entirely filled 
with small stones. Any operation on the gall 
bladder, however, was contra-indicated at 
this time. The patient made a satisfactory 
convalescence from operation, and 4 years 
later, after a period of pain and distress, 
jaundice appeared. If it had not been known 
that gall stones were present, the jaundice 
might have been looked on as evidence of re- 
currence of malignancy in the liver or biliary 
tract. The excellent condition of the patient, 
however, warranted further operation, and at 
this time, 4large stones were removed from the 
common bile duct. It is of interest that there 
were no calculi in the gall bladder, and there 
was also no evidence of any recurrence of car- 
cinoma in the upper part of the abdomen; 
the unremoved, enlarged lymph nodes which 
it had not been possible to remove at the time 
of the gastrectomy had entirely disappeared. 
Recently the patient has reported himself to 
be in excellent health, 2 years after the last 
operation. 
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The chief importance of exploration, how- 
ever, is to determine whether distant and irre- 
movable abdominal metastatic growths are 
present. The rectal shelf should always be 
explored, since peritoneal implants may be 
present which were not detectable during the 
clinical examination. If definite implants are 
found, but no other evidences of peritoneal in- 
volvement can be discerned, surgical treat- 
ment of the lesion must be considered from 
the viewpoint that the disease is obviously in- 
curable. In spite of this, the growth occasion- 
ally is so situated that resection is not only 
possible but advisable, because of the relative 
ease with which resection can be done and 
because of the protection it will afford the pa- 
tient against the early onset of obstruction. 
The presence of peritoneal implants clearly 
contra-indicates any attempted palliation by 
surgical means. 

Recognizable metastasis in the liver is usu- 
ally a definite contra-indication to any surgi- 
cal procedure, but the apparently isolated, 
small, metastatic nodule in the liver may not 
be sufficient reason for not removing an oper- 
able growth. As a matter of fact, I have seen 
some extraordinary examples of the length of 
time, up to 3 and 4 years, that a patient may 
live with metastasis to the liver after the 
primary growth-has been removed. The cir- 
cumstances under which resection is advisable 
in the presence of metastasis are, however, 
most exceptional; one of these favorable cir- 
cumstances is present when there is no evi- 
dence in the general condition of the patient 
that the hepatic involvement has progressed 
to a point at which function is interfered with. 

The significance of involvement of the re- 
gional lymphatic structures is extremely im- 
portant in deciding whether or not operation 
is advisable. The greatest variability exists in 
the extent and the degree of such involve- 
ment. Widespread involvement of the re- 
gional lymphatic structures is a very unfavor- 
able prognostic sign. It should never be for- 
gotten, however, that cure is still possible even 
though the disease has extended into the 
adjacent lymphatic structures. I have seen 
many patients who have been cured, but who 
at the time of operation had such widespread 
involvement of the lymph nodes that the 


operation was undertaken as only a palliative 
measure. Therefore, only one conclusion can 
be drawn; namely, that with wide removal o{ 
the primary growth, but not of all of the in- 
volved lymphatic structures, occasionally the 
patient has enough resistance to the disease to 
prevent its further extension. This possibility 
in surgical treatment of carcinoma is worthy 
of considerable further investigaffon. The 
decision as to whether operation is indicated, 
therefore, will be governed chiefly by the 
character of the growth itself, because of 
these known facts, and because of the uncer- 
tainty as to whether lymph nodes are in- 
volved. 

The significance of involvement of the 4 
major groups of lymph nodes about the stom- 
ach is important, since it has been my experi- 
ence that the suprapyloric and infrapyloric 
groups, if involved, are of more serious prog- 
nostic significance than those along the greater 
curvature and the lesser curvature. This is 
probably because it is more difficult to carry 
out widespread removal of the former 2 groups 
of lymph nodes than of the latter. Immediate 
microscopic examination of a lymph node, if 
there is widespread enlargement of nodes, is 
extremely important since a negative report 
in so far as malignant involvement is con- 
cerned is of real significance. 

Examination of the growth itself should be 
most thorough. As has been mentioned be- 
fore, the patient should be sufficiently relaxed 
so that there is no interference with maximal 
mobilization of the stomach. If the patient is 
straining, the impression may be given that 
the stomach is fixed because of the advanced 
disease; an entirely different picture may be 
given when there is adequate anesthesia. In 
this mobilization, the great omentum should 
be pulled outside of the abdomen. Unfortu- 
nately, in many cases, it seems apparent that 
the growth itself does not permit complete 
removal because of extragastric extension, but 
this should be made certain before such a 
decision is reached. Unless it is clearly appar- 
ent that the growth is irrefhovable, the lesser 
peritoneal cavity should be widely opened 
through the gastrocolic omentum to inspect 
the extent and the character of the posterior 
perforation. If it is not certain that incurable 
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penetration of the pancreas has occurred, and 
if the growth is otherwise removable, resec- 
tion should be carried out because in many 
instances the posterior attachment is found to 
be merely an inflammatory one. If superficial 
invasion of the pancreas by the malignant dis- 
ease has occurred, cautery excision of the area 
may at least give possibilities of cure. Per- 
foration against the under surface of the liver 
is not necessarily a contra-indication to re- 
moval of the growth, since it may be found 
that what is apparently direct involvement of 
the liver is only an inflammatory attachment, 
and if extension of the growth in other direc- 
tions permits its removal, attachment to the 
liver should not stand in the way of removal. 

If the growth proves to be unattached to 
the surrounding structures or such attach- 
ment does not necessarily interfere with the 
advisability of resection, examination of the 
extent of the growth in the stomach is the 
next step. It is fortunate that carcinoma, 
except in its extremely late stages, does not 
extend beyond the pylorus into the duodenum, 
but this fact is perhaps counterbalanced by 
the tendency of the disease to progress upward 
toward and along the lesser curvature rather 
than along the greater curvature. This fea- 
ture most often explains inoperability, and 
also increases the difficulty of thorough re- 
moval when the growth is resectable. 

A study of the infiltration by carcinoma of 
the stomach showed, as Cuneo first pointed 
out, the tendency of carcinoma to extend 
through the submucous lymphatic structures 
toward the lesser curvature more rapidly than 
toward the greater curvature. If, therefore, 
the carcinoma is of the infiltrating type, exam- 
ination should be particularly carefully made 
of the extension upward along the lesser 
curvature, to detect, as accurately as possible, 
the limits of this involvement. There, is, 
however, the very important point in this 
connection that thickening of the gastric wall 
should not be confused with carcinoma. Such 
differentiation of course is not made without 
difficulty, but the extent of invasion of actual 
malignancy usually is definite, and it has been 
my experience that one is more likely to err in 
saying that thickening in the gastric wall is 
carcinoma rather than that it is not. Definite 
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involvement of practically the entire lesser 
curvature is usually a contra-indication to 
radical operation. The exception, however, is 
in those rare cases in which the entire stomach 
is involved in the infiltrating type of carcinoma 
which results in what is called linitis plastica 
type; it is in this type that total gastrectomy 
is most likely to be feasible. Unfortunately, 
this infiltrating type of carcinoma is most 
difficult to cure, and it is reasonable to assume 
a pessimistic attitude toward extremely radi- 
cal procedures for this type of carcinoma 
because of the great rarity of cure. On the 
other hand, the ulcerating or the colloid types 
of carcinoma are much more clearly demar- 
cated, and microscopic evidences of carcinoma 
were never found more than 4 centimeters 
beyond the edge of the area in which there 
was gross evidence of disease. 

One may assume, therefore, when encoun- 
tering the ulcerative or colloid type of carci- 
noma, that determination of extension of the 
disease by palpation is accurate, and if the 
growth is removable at all, removal can be 
undertaken without fear of encountering un- 
expected extension of the disease beyond the 
point at which it was identified. In the ulcer- 
ative and colloid type, the more the growth 
encroaches on the greater curvature, the 
greater will be the prospects for removal, 
because of the relatively easy mobilization of 
the growth throughout its entire extent; the 
gastrosplenic omentum can be divided easily 
and the greater curvature completely mobil- 
ized. The largest tumors which may still be 
operable are of the colloid type. It is extreme- 
ly important that this fact be kept in mind, 
because the very size of the tumor may give 
the impression that it is irremovable and yet 
resection may be relatively easy to accom- 
plish. A decision as to whether resection is 
justifiable or not depends also, to a consider- 
able extent, on the type of stomach in which 
the growth has occurred. In those cases in 
which the stomach is small and high lying, an 
infiltrating growth may be clearly inoperable, 
whereas a similar growth of the asthenic pa- 
tient with a prolapsed stomach may be oper- 
able. Similarly, with the extremely large 
ulcerating or colloid type of carcinoma, total 
gastrectomy, or almost total gastrectomy, is 
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justifiable in certain types of stomach, whereas 
it would not be reasonable in other types. 

If resection seems to be justifiable, there are 
many variations in the methods by which it 
may be accomplished. In so far as general 
principles are concerned, the growth should 
be removed as widely as possible, gastric con- 
tinuity should be re-established without undue 
tension and mechanical function should be 
perfect. There is no reason, of course, in 
operations for carcinoma, of the type of oper- 
ation being adapted to influence gastric chem- 
istry. Detailed description of methods is un- 
necessary. In a general way, it is advisable 
that the stomach, after resection, be re-united 
to the jejunum by one of the many methods 
advised for this. Re-establishment of con- 
tinuity, by reuniting the stomach and duode- 
num following resection, after the Billroth I 
method, is inadvisable because, if recurrence 
takes place, it is likely to develop in the 
vicinity, at least, of such an anastomosis and 
be responsible for obstruction. The more ex- 
tensive the resection, the more is an anterior 
anastomosis between stomach and jejunum 
indicated. Thisanastomosis simplifies the oper- 
ation, is equally satisfactory from the me- 
chanical standpoint, and because of its greater 
ease of performance, carries a lower mortal- 
ity rate in dealing with extensive growths. In 
total gastrectomy there is greater risk of in- 
fection than in other procedures and of failure 
of the anastomosis between cesophagus and 
jejunum to heal. The properties of healing 
therefore should be augmented as much as 
possible by providing for administration of 
fluids and nourishment by a catheter placed 
in the jejunum. Rarely is local excision of car- 
cinoma to be preferred, indications for such 
a procedure are limited to high, well circum- 
scribed growths involving the greater curva- 


ture. Excision of such growths, with direct 
closure, is an excellent method of avoiding 
operative risk, and of accomplishing just as 
thorough removal of the disease as by the usual 
gastrectomy. 

So far as palliation by operation is con- 
cerned, with the exception of gastric resection, 
exclusion of the growth is by far the most 
effective method of bringing about palliation, 
and I believe there is a much wider application 
for this operation than it has been accorded. 
The fact that the growth can be permanently 
excluded from all contact with food, and gas- 
tro-intestinal continuity be made completely 
independent of the disease, is of great impor- 
tance, and patients not only live much longer 
than they live after gastro-enterostomy as a 
palliative procedure but usually in complete 
comfort in so far as digestion is concerned. 
Gastro-enterostomy too frequently fails to 
accomplish what it is hoped to do as a pallia- 
tive procedure. 

If operation for gastric carcinoma is carried 
out along the general lines that have been 
outlined, we have found in the clinic that the 
rate of operability is approximately 45 per 
cent, the mortality rate for gastric resection 
can be kept at approximately 10 per cent. 
The possibilities of cure of cancer of the stom- 
ach are shown by the fact that of several series 
of consecutive cases in which gastric resection 
was carried out in the clinic, an average of 
18 per cent of the patients are alive and appar- 
ently well after operation regardless of the 
extent of the disease at the time of the resec- 
tion. If those cases are selected in which the 
disease is still confined to the stomach, that 
is, in which there is no lymphatic involvement. 
the percentage of patients alive and appar- 
ently well 5 years after operation is 49 per 
cent. 
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FRACTURES OF THE LATERAL CONDYLE OF THE TIBIA 
CLASSIFICATION, PATHOLOGY, AND TREATMENT! 


WILLIAM R. CUBBINS, B.S., M.D., F.A.C.S., ARTHUR H. CONLEY, B.S., M.D., F.A.C.S., JAMES J. 
CALLAHAN, B.S., M.D., AnD CARLO S. SCUDERI, B.S., M.D., Cutcaco 


/ {NHE amount of disability caused by a 
[ “iracrure of the lateral condyle of the 
tibia is very serious because a genu 

». gum more or less marked is always present 
| the frequent dislocation of the fragments 

) the joint cavity and the fragmentation of 
meniscus serve to cause a chronic arthritis 

t steadily weakens the knee joint by soften- 
the ligaments, so that in addition to the 

i 1p and deformity of the limb a disabling 
a hritis is present. We have treated these 
ditions in various ways—both conserva- 
| e and operative—and we are certain that 
iy 40 per cent could be markedly improved 

h an open operation, because the open 

| eration secures a more even bearing surface 
11 the need of a secondary operation to 
nove loose fragments of cartilage and bone 
fragmented and displaced menisci is obvi- 
ated. The day is past when an individual with 
a marked limp or deformity of a limb can 
obtain employment without a careful inspec- 
tion, and it is our opinion that in cases in 
which it is possible to avoid such crippling 
conditions with an operative procedure, such 
an operation should be carried out. 

When fractures of the tibial condyles are 
to be considered, it is very necessary to sub- 
divide them into three groups. The first and 
most common group contains those that in- 
volve both condyles; the next, those of the 
lateral condyle; and lastly, those of the medial, 
which are the least frequent. Another factor 
must be considered, and that is that one may 
have what is actually a double condylar in- 
jury, yet the cause of the disability and 
greatest deformity will be in one or the other 
condyles. When such a condition is found, it 
has been our custom to classify the case as 
either a medial or lateral condylar fracture, 
depending on the treatment necessary to 
restore the part to normal. 

Quite different problems are encountered 
in these medial and lateral condyles, and they 


must be carefully separated when treatment 
—either conservative or operative—is con- 
sidered, owing to the marked variations in 
the pathological conditions present. It is for 
these reasons that we will discuss in this 
paper, injuries only of the lateral condyle. 
These injuries must be subdivided into five 
types or groups. 

After long continued and careful observa- 
tion of lateral condylar injuries, we are fully 
aware of the great ability of the knee joint 
to restore itself to function if given a chance. 
In some instances, in which multiple other 
injuries have precluded operative attempts at 
the correction of condylar injuries—although 
we were certain of the necessity of such a 
procedure in order to obtain a serviceable 
limb—we have been surprised at this effi- 
ciency. On the other hand, in some cases 
which we have attempted to treat with ma- 
nipulations and casts—feeling that the injury 
would not justify an open operation—we have 
later been forced to correct by incision and 
elevation of the depressed condylar surface. 

As in most other fractures, the X-ray pic- 
tures cannot be relied upon to tell us with 
certainty just what should or should not be 
done. They must be carefully correlated with 
the deformity and physical findings. It is 
folly to trust even a provisional diagnosis to 
anteroposterior and lateral plates, and unless 
the individual is expert, stereoroentgenograms 
will be very misleading. In addition, one 
must have plates taken at quarter angles, 
anteroposterior and postero-anterior. These 
six positions, when considered with the physi- 
cal findings, will give the surgeon a fair idea 
of what he may encounter in the joint at the 
time of operation. We have called attention 
to some of the incorrect inferences that may 
be drawn from the roentgenograms in the 
legends, but to impress it firmly requires 
many more illustrations than space permits 
in this article. 


1 Work done from the wards of the Cook County Hospital and the Department of Surgery, Northwestern University Medical School 
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Fig. 1, left. The leg is placed with the knee at X, and the 
heel over the middle line. 

Fig. 2. The knee is held firm and the foot moved laterally 
and medially to determine the degree of angulation. 


The common cause of depressed fractures 
of the lateral condyle of the tibia is the mov- 
ing front bumper of an automobile striking a 
pedestrian upon the lateral surface of the 
extended leg in the vicinity of the knee joint. 
It does not make any difference if it is a little 
above, at, or below the articulation. It may 
also be caused by a fall from a height and 
many other types of violence. This injury to 
the lateral condyle may be the only lesion 
present, or there may also be an avulsion of 
the collateral tibial ligament from the femoral 
condyle (Fig. 13), or, what is more rare, a 
rupture of this ligament opposite the articula- 
tion. Occasionally such a force may fracture 
the lateral condyle of the femur, or fracture 
both condyles of the tibia or of the femur, or 
produce a complete dislocation of the knee 
ioint. 


SYMPTOMS 


The knee joint is always swollen but seldom 
tender, except over the point of bone or liga- 
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ment injury. If, in addition to the bore 
injury, there is a laceration through t ie 
synovial lining, this spot is also tender. T ie 
patella floats, and there may or may not ‘ve 
discoloration. It is not necessary to elicit 
crepitus. There is always a marked loss >f 
function, with some deformity, the deformi' y 
being a genu valgum of varying degree. Tie 
abnormal mobility is the one symptom that 
presents unusual phases which must be dis- 
cussed carefully. In those cases with a fraz- 
ment of the condyle fractured off, or with an 
even depression of the entire condyle, we 
find that there is a rather marked valgus and 
10 to 30 degrees of lateral motion in the 
extended leg. In others there will be little if 
any deformity and a very marked increase in 
the lateral mobility. Dr. Scuderi designed 
what we call an angleometer, to show the 
degrees of deviation (Figs. 1 and 2), and by 
using a scale of this type, the lateral deviation 
and the abnormal mobility may be determined 
in the extended limb. However, while this 
method will demonstrate these conditions 
with the limb in a straight angle, it is of no 
value when the leg is flexed. If the anterior 
portion of the condyle remains intact and the 
posterior portion is crushed, there is no in- 
crease in the lateral mobility of the extended 
limb but a marked increase with the limb 
flexed. If the anterior portion is crushed 
down, leaving the posterior portion intact, 
there is very little deformity, only a slight 
increase in the lateral mobility of the extended 
limb, but the limb can be slightly hyper- 
extended and the leg rotated inward a small 
amount. When the posterior portion is de- 
pressed (as is seen in Fig. 10), another finding 
can be elicited which may confuse the exam- 
iner—that is, when the leg is flexed 20 to 45 
degrees on the thigh and a forward pull ‘s 
made. The leg rotates forward and inwar«, 
just as if the anterior cruciate had been ir - 
jured. This physical finding is made possib « 
by the fact that the depressed posterior po- 
tion of the lateral condyle of the tibia do: s 
not impinge upon the condyle of the femu , 
and therefore permits the extra motion «/ 
forward and inward rotation. In order t) 
check this finding, the leg must be extende | 
on the thigh and an attempt made to pull © 
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Fig. 3. 

‘ig. 3. Type 1. Fracture lateral tuberosity—outward 

d placement—small fragment depressed 1 inch between 

x ater fragments—lateral meniscus displaced down be- 
cen fragments. 

Vig. 4. Joint opened—meniscus removed—small frag- 

y nt elevated—fixed into position with a screw to make a 


forward. If the anterior cruciate is intact, no 
sich motion can be produced. 

We are cognizant of the fact that if the 
anterior cruciate ligament was cut in an 
experimental effort to find this function, and 
the other ligaments of the knee joint were left 
intact, no anterior motion would be obtained 
with a forward pull on the extended leg. But 
in these cases, with a force that causes an 
injury to the anterior cruciate, one may rest 
assured that this anterior cruciate is not the 
only ligament injured. It is associated with 
stretching and tearing of many other ligaments. 

If there has been simultaneous lesion of the 
collateral tibial ligament, there will be a point 
of tenderness and possibly a discoloration at 
that spot. When the collateral tibial ligament 
is avulsed or ruptured, in addition to the 
crushed lateral condyle, lateral motion of the 
extended leg is always very excessive. 

The main points in the pathological anat- 
omy we have stressed in a previous communi- 
cation, but we wish to repeat those findings 
here and to classify the injuries of the lateral 
condyle into five types or groups: 


Fig. 4. 


Fig. 5. 

flat arch. This screw should have been made somewhat longer. 
Fig. 5. Type 2. Depressed fracture of the lateral 

tuberosity. Observe that the fragment is displaced later- 

ally, but note that cartilaginous bearing surface is de- 

pressed obliquely downward and inward. The meniscus 

was fragmented. 


Type 1. Fracture of the lateral condyle. 
Fragment displaced outward with little if 
any “3 the bearing surface depressed (Fig. 
BA). 

Type 2. Depressed fracture of the lateral 
condyle. A large fragment displaced outward 
and the medial portion of the bearing surface 
depressed obliquely downward and inward 
(Fig. 5, Mr. A.). 

Type 3. Oblique fracture depression of the 
bearing surface with only a small portion of 
the lateral fragment retaining normal level 
(Fig. 7, F.J.). 

Type 4. Fracture depression of posterior 
portion of the lateral condyle, with forward 
portion intact (Figs. 8 and 9, W.J.). 

Type 5. Fracture depression of the anterior 
portion of the lateral condyle, with posterior 
portion intact (Fig. 14, J.F.). 

The head of the fibula may be fractured in 
any of the above types except type 5. If 
the head of the fibula is fractured in a case 
involving the lateral condyle, we may be 
certain that the posterior surface of the 
condyle has been depressed. The lateral men- 


ie 
on 
ed | 
us 
no 
or 
he 
ed 
nb 
ed 
ht 
ed : 
| 
| 
| 
ar, 
e| 


Fig. 6. 

Fig. 6. Meniscus removed. Cartilaginous bearing sur- 
face elevated—supported with bone chips from tibia and 
fastened into a flat arch with a screw. This limb should 


be held adducted with long lateral splint of plaster for 4 
to 6 weeks. 


iscus is commonly torn from its lateral attach- 
ment and dislocated between the fragments 
in type 1. It may also be fractured or frag- 
mented in any of the other types described. 
Small fragments of bone and cartilage are 
often encountered in the joint fluid, and we 
have expressed several from out of the supra- 
patellar pouch. The fluid in the joint varies 
in character with the time that has elapsed 
between reception of the injury and the 
operative attack. Early it is bloody and 
filled with clots; later it is not unlike pus, due 
to the emulsified fat. Free fat drops com- 
monly float on the top of the fluid, and it is 
remarkable the amount of fat that can be 
extruded into the joint cavity from a fracture 
involving only the cancellous bone. The 
synovia is reddened and discolored by the 
bloody fluid, as well as being swollen and 
softened. We have not observed any ruptured 
cruciate ligaments in these cases, but there 
have been partial avulsions in several (Fig. 
14). As a rule, the lateral condyle is frag- 
mented in a depressed fracture—type 1 being 
the exception. It may be stated here that the 


Fig. 7. 


Fig. 8. 
Fig. 7. Type 3. Oblique depression of almost entire 
bearing surface—meniscus detached and fragmented. 
Fig. 8. Meniscus removed—cartilaginous bearing sur- 
face elevated with osteotome and supported with bone 
chips from same tibia. Must be held in adduction. 


medial condyle is usually fractured off and 
displaced en masse. 


TREATMENT 


We have encountered about 125 cases of 
injury of the lateral condyle in the last 6 
years, and have operated upon about 50. The 
others have been treated by molding and 
casts. Only those that we were fairly sure 
would cause subsequent trouble have been 
treated with an open operation. In several 
which we avoided operating upon, patients 
subsequently returned and repair was carrie: 
out with good results; although as a rule 1 
late repair is more difficult to make correct! 
than an early repair, and the results are less 
satisfactory, because we are certain that 4 
long continued mechanical insult can cause 1 
chronic arthritis that will seriously prolon : 
the convalescence. 


OPERATIONS 


These patients have been operated upo: 
under a tourniquet, following the expulsion : 
the excess blood from the limb with an elast 
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Fig. 9. 
ig. 9. Type 4. Postero-anterior view—bearing surface 
lo ks fair. 
‘ig. 10. Cartilaginous bearing surface depressed down 
in a curved line. Lateral fragment and the head of the 


bendage. Vessels that gape should be sought 
for, caught, and ligated. All patients are 
carefully tested for bleeding and coagulating 
time 24 hours before the operative attack. 
Immediately after and continuing for 6 weeks, 
the coagulation and bleeding time are very 
low—2 to 3 minutes; later on, a slow coagulat- 
ing and long bleeding time may be encoun- 
tered. The wounds have been closed and 
dressed before the removal of the tourniquet. 
No secondary hemorrhages have occurred in 
any of these cases. 

An incision paralleling the patellar ligament 
and extending from well above the patella 
down onto the head of the tibia has been 
used. This incision we extend farther down 
over the tibia when it is necessary to obtain 
bone chips or pegs for the repair of the injury. 
We have used a large steel screw, such as is 
used by carpenters and called a wood screw, 
whenever we were assured that it would best 
serve the purpose. The screw has the ad- 
vantage of not needing a drill or preparation, 
and the deep threads will hold firmly in the 
cancellous bone, even if the screw is not long 
enough to perforate the opposite cortex, 
which is preferable. (See Fig. 11, where a 


Fig. 10. 
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Fig. 11. 

fibula fractured and displaced backward and outward. 
Fig. 11. Postero-anterior view—bearing surface cor- 

rectly elevated. Apparent genu valgum, but none present 

in clinical examination. 


perforating screw has been cut off.) In the 
other cases we have used bone chips and 
bone pegs, with heavy catgut sutures, where 
it is necessary to have additional support 
(Figs. 6, 10, and 11), but we must discuss the 
treatment of each type with more detail. 
Type 1. A mallet or a redresseur may be 
used in this type and a fair result be obtained, 
from both a functional and an X-ray view- 
point, but we have found that to remove the 
meniscus and accurately replace the frag- 
ments has been far more satisfactory, in that 
an early mobilization may be started and a 
perfectly functioning joint obtained. Mod- 
erate mobilization may be instituted in 1 
week with safety, but one must give the soft 
tissues time to heal firmly before motion 
severe enough to cause trauma is instituted. 
Type 2 (Fig. 5). In this type of case, with 
the bearing surface crushed obliquely down 
and a fragment dislocated laterally, no 
amount of pressure or manipulation can 
restore the cartilage-covered bearing surface 
to position. The joint must be opened, the 
meniscus removed in order to see the lesion, 
and the bearing surface freed with an oste- 
otome levered into position, braced with 
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Fig. 12, left. Lateral view—meniscus removed and cartilaginous bearing surface 
restored to normal—with bone chips and a screw—flat arch method. Notice defects 
from which chips were taken. Two years later plates showed edges rounded but 


defects still present. 


Fig. 13. Posterior surface of lateral condyle depressed and fibular head fractured— 
repaired with oblique plates of bone and catgut suture. Also observe exostosis, 
caused by avulsion of collateral tibial ligament. 


fragments from the front of the tibia, and the 
mass fixed firmly like a flat arch with the 
screw, which extends across the tibial head. 
This limb must be fixed in firm adduction in 
a cast extending from the trochanter down to 
and including the foot. Mobilization in such 
cases must be delayed 4 to 5 weeks, because 
these small fragments must be given sufficient 
time to become firm (Fig. 6, Mr. A.). If this 
type of case is operated upon late, it is com- 
mon to find that the meniscus is displaced, 
fragmented, and imbedded in among the 
fragments of the depressed cartilage with a 
tough, fibrinous material that makes a fairly 
even bearing surface. 

Type 3 (Fig. 7, F.J.). This type of injury is 
best repaired 2 to 3 weeks following its 
occurrence, in order to allow the fragmented 
bearing surface to fuse together so that when 
the surface is elevated they will not be 


scattered all over the joint. The joint is 
opened, the meniscus removed, an osteotome 
1 inch in width used to free the bearing sur- 
face around its circumference over to midline, 
the depressed bearing surface is then elevate: 
and supported with flat plates of bone from 
the subcutaneous surface of the tibia (Fig. 
8). Mobilization may be initiated in 3 to 4 
weeks with other physiotherapeutic agents. 
The possibility of this type of injury being 
treated conservatively—with a redresseur or 
a mallet—is good, but we are inclined t» 
believe that with these methods there is muc \ 
more likelihood of displacing small fragmeni 
into the joint as free bodies. Another factc: 
is that in those cases of this type on which w: 
have operated, the meniscus has always bee : 
detached or fragmented, without the peculie ° 


imbedding in the fragments that we hav : 


observed in types 2 and 4, and therefor : 
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Fig. 14, left. Type 5. Depression fracture of anterior portion of the lateral condyle 
bearing surface—with depression—also avulsion of the tibial spines. Fragmentation 
of meniscus was present. 

Fig. 15. Meniscus removed—fragmented depressed bearing surface elevated and 
supported with chips from same tibia—cruciates in good condition. 


may be the cause of much subsequent dis- 
ability. 

Type 4 (Figs. 9 and 10). These films show 
an unusually pronounced depression of the 
posterior portion of the lateral condyle. This 
obviously cannot be corrected by any re- 
dresseur or manipulation. In this case the 
incision was made just anterior to the collat- 
eral fibular ligament, the depressed bearing 
surface levered into position and supported 
with fragments from the tibial crests, and the 
mass fixed with a screw, as shown in Figures 
11 and 12. Please note the change in bearing 
surface and defects in the tibial crest from 
which the fragments were removed with an 
osteotome. X-ray films, made 2 years later, of 
these tibize from which fragments have been 
removed, show that the defects are not filled 
in if the patient had reached maturity at the 
time of operation. In Figure 13 is seen a 
depression of the posterior surface that has 
been elevated and held in place with frag- 
ments placed obliquely. It also shows an 
exostosis where the collateral tibial ligament 
was avulsed and healed back in position with- 


out operative treatment. We are convinced 
that this is the cause of theso called Pellegrina- 
Stieda disease. 

Type 5 (Fig. 14). Here we have a depression 
of the anterior portion of the bearing surface 
of the lateral condyle and an injury to the 
tibial spine, which we repaired by elevation 
of the joint surface, supported with autog- 
enous fragments from the tibia, and made 
firm with a heavy catgut suture (Fig. 15). 
The cruciate ligaments were firm and were 
not disturbed. In this type of case the 
surgeon must not raise the bearing surface 
too high or there will be a limitation of exten- 
sion. However, this is the only type in which 
excessive elevation is to be avoided. In the 
4 other groups we have been trying to raise 
the lateral bearing surfaces a little higher than 
normal to avoid a small amount of genu 
valgum that will remain unless it is elevated 
somewhat. 

CONCLUSIONS 

We wish to emphasize the following: 

1. The necessity of multiple roentgeno- 
graphic views taken from all angles. 
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2. Careful clinical examination in addition 
to the X-ray views. 

The results have been excellent. There 
have not been any severely infected cases. 
In only 1 case the screw irritated and had to 
be removed. There have been no completely 
ankylosed knee joints. In four young colored 
men the flexion has been limited to 80 degrees, 
and one white man has a limitation to 50 
degrees, but he would not permit massage or 
manipulations of any kind and would not 
help himself. The aged have developed free 
flexion and extension more rapidly, as a rule, 
than the young men. This is particularly true 
of the colored men. There are no women in 
this series. 


There has remained a certain amount c/ 
genu valgum in most of these cases, irrespec - 
tive of how perfect the X-ray picture hes 
been or how well satisfied we have been wit 1 
the technique. It is less since we have bee i 
elevating the posterior surface a little abov: 
normal. This work has been done with stec| 
screws with threads cut up to the head, an 
with ordinary steel screws. The first type is 
the more satisfactory. We have also re- 


paired these lesions with bone fragments, 
bone pegs, catgut, and silk. We never use a 
foreign body—metal or bone—when we cai 
obtain a satisfactory material, whether fascia 
or bone, from the injured limb of the in- 
dividual whom we are seeking to benefit. 
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ing properties of cytoplasmic granules 

in the tumor cells of carcinoids has 
ade it possible for him and his co-workers to 
rry on extensive researches into the origin and 
velopment of these tumors. They have given 
em the name “argentaffine tumors” and 
ve obtained fairly convincing evidence that 
ese tumors begin with the migration of the 
’ icholas-Kulchitzky cells from the intestinal 
ucosa into the neuromata in the wall of the 
testine. Raiford recently questioned this 
ode of development but the work of Masson 
‘onstrates clearly the presence of argen- 
ffine cells inside the nerve fibers. These 
lls grow very slowly but eventually break 
irough the nerve filaments and invade the 
-urrounding tissue. It seems to us that the 
nly observation lacking is-that of actually 
sceing the living cells as they enter and leave 
the fibers. Distant metastasis is rare, yet the 
primary growth often obstructs the intestinal 
lumen and occasionally metastasizes to the 
regionallymph nodes. At this stage of develop- 
ment these tumors produce clinical pictures 
similar to the usual carcinomata and may be 
mistaken, even during an exploratory lapa- 
rotomy, for inoperable cancer. Nevertheless, 
many of the recent authors state that these 
tumors are of no clinical importance and 
several good reviews of the literature have 
failed to consider carefully the clinical mani- 
festations of them. 

In order that the clinical significance of 
argentaffine tumors might be better known 
and that these seemingly inoperable tumors 
might not be treated as such, we feel that the 
following case reports should be presented: 


discovery of the silver reduc- 


CASE REPORTS 


Case 1. T. B., a white woman of 51 years, in 
January, 1931, first experienced abdominal pains 
which were similar to labor pains and sometimes 
lasted for several hours but were most intense in the 
right lower quadrant. Such attacks of pain recurred 
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at intervals for 1 year during which time the patient 
became markedly constipated. 

Six weeks before admission to the Burlington 
County Hospital, the abdominal pains became in- 
creasingly severe with each succeeding attack yet 
were not associated with nausea and vomiting. A 
marked loss of weight had occurred since the onset of 
symptoms. 

The physical examination was negative except for 
the abdomen which was moderately distended and 
contained a palpable, hard, non-tender mass, 3.5 
centimeters in diameter, in the right iliac fossa. 
The small intestine proximal to the mass could be 
felt as a sausage-shaped structure in which peristal- 
tic activity was pronounced. The clinicopatholog- 
ical studies were normal. 

Roentgenological studies made by Dr. Borzel re- 
vealed an obstructive organic lesion in the terminal 
ileum which was thought to be of long duration. 
The colon was normal (Fig. 1). 

At operation on February 24, 1932, a small tumor 
mass was found in the region of the ileocecal valve. 
This had produced a partial obstruction of the ileum 
evidenced by the marked dilatation of the lumen 
and its greatly hypertrophied muscular wall. Sev- 
eral small, hard lymph nodes were felt in the adja- 
cent mesentery. A tentative diagnosis of carcinoma 
of the ileum with metastases to the regional lymph 
nodes was made. An extensive resection was done 
which included the lower ileum, ileocecal valve, 
cecum, and ascending colon, and then a lateral anas- 
tomosis was made between the transverse colon 
and terminal ileum. The patient recovered without 
complications and is now free of abdominal symp- 
toms 23 months later. 

Pathology. The gross specimen (S. 17,714), after 
fixation, consisted of 15 centimeters of the terminal 
ileum, the cecum with the vermiform appendix, and 
15 centimeters of the ascending colon. The angle be- 
tween the ileum and cecum in the region of the su- 
perior ileocecal fold was made very acute by a sub- 
serous mass which had drawn the anterior surfaces 
of the cecum and ileum into close proximity, so that 
the superior ileocecal fossa was obliterated. In the 
areolar tissue of the mesentery and mesocolon at the 
ileocecal junction there were four enlarged, firm 
lymph nodes measuring from 8 to 10 millimeters in 
diameter. The ileum was dilated to a circumference 
of 6.5 centimeters, its wall was stiff, and the muscu- 
lature was markedly hypertrophied. 

When the lumen of the ileum and cecum was laid 
open, an ulcer measuring 1 by 2 ‘centimeters was 
found on the postero-inferior surface of the ileum. 
It extended to within 1 centimeter of the edge of the 
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Fig. 1. Case 1. T. B., Barium meal fails to pass 
beyond ileocecal valve after 24 hours. 


lower segment of the colic valve. The base of the 


ulcer consisted of a protruding tumor mass of very 
firm, yellow tissue with a slightly roughened surface. 


The mucosa at the periphery of the ulcer was not 


lifted up, with resulting overhanging edges, but . 


merged gradually into the tumor. In the mucosa of 


the cecum between the left frenulum of the ilec- 
cecal valve and the vermiform process was another 
ulcer 1 centimeter by 1.5 centimeters which was 
similar to the one described in the ileum. A sectio. 
through the specimen made so that the two ulceis 
lay in one plane showed that both were produced b 
different parts of the same tumor. The cut surface 
of the tumor had a yellow color; the muscular coats 
of the ileum and colon were infiltrated so that the 
muscular layers were thickened and the bundles 
were separated by strands of tumor. It had also 
invaded the subserous tissue, producing thickenin: 
and shortening of the fibrous septa. The lymph 
nodes contained tumor masses similar in color an:| 
consistency to the primary growth (Fig. 2). 

The remaining portions of the cecum and ascend- 
ing colon were normal. The appendix measured 
centimeters in length and was 1 centimeter in diam- 
eter at its middle third. There were no adhesions 
over the serosal surface. On the anterior aspect of 
the appendix lying just beneath the peritoneal 
covering was a small, projecting nodule 2 milli- 
meters in diameter. This nodule was firm, had a 
yellow color on section, and was clearly a small tumor 
lying in the outer muscular coat of the appendix with 
extension into the subserous areolar tissue. The 
distal four-fifths of the lumen was obliterated by a 
loose, grayish, translucent fibrous tissue. 

Microscopic examination showed that the base of 
each ulceration was tumor tissue which had also infil- 
trated the mucosa forming the edges of the ulcer. 
The line of demarcation was not sharp and in places 
it was difficult to determine with certainty whether 
the cells were tumor cells or were epithelial cells 
forming the intestinal glands (Fig. 3). 

The tumor cells were alike in appearance. They 
were rather small, had poorly defined limiting mem- 


Fig. 2. Drawing of tumor bearing area, Case 1. 
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Fig. 3. Photomicrograph of section, Case 1. 


branes and a cytoplasm which was very finely ° 


granular and slightly eosinophilic. The nuclei usu- 
ally had oval outlines, were vesicular with granular 
chromatic material distributed throughout. In 
some nuclei a delicate reticular network was present. 
The cells were arranged in small masses and cords 
surrounded by narrow strands of connective tissue 
stroma through which ran thin walled vascular 
channels. Interspersed through the larger masses of 
cells were delicate vascular channels composed of 
little more than the endothelial lining. The tumor 
cells encircled these vessels so that pseudo-rosettes 
were formed, but true rosettes were also present in 
places. 

The tumor invaded the muscular layers of the 
ileum and cecum. At those places the musculature 
appeared thickened and the tumor was accompanied 
by much fibromuscular stroma. The subserous areo- 
lar tissue was replaced by tumor and the sheaths 
of the nerves in the intestinal wall were extensively 
invaded by the tumor cells. 

A lymph node in the areolar tissue was practically 
destroyed by a metastatic tumor mass similar in 
every respect to that in the ileum (Fig. 4). 

Silver stains, carried out according to the tech- 
nique given by Forbus, demonstrated the argentaffine 
character of the cytoplasmic granules in the tumor 


471 


of lymph node by tumor mass. 


cells. Most of the cells were filled with these gran- 
ules but there were scattered groups which contained 
only small numbers of such granules and an occa- 
sional cell had none. Scattered Nicholas-Kulchitzky 
cells in the intestinal glands were filled with granules 
which reduced the silver salts. 

The small tumor in the appendix lay in the outer, 
longitudinal muscular layer and was confined to this 
portion of the wall. Its structure was exactly like 
the tumor in the ileum and cecum, an argentaffine 
tumor probably independent of the larger one since 
no evidence could be found to indicate that one was a 
metastasis from the other. The fibrous tissue ob- 
literating the lumen contained many small blood 
vessels, moderate numbers of lymphocytes, and a 
few plasma cells. No remnants of mucosa remained 
and no Nicholas-Kulchitzky cells were in the scar. 

Case 2. M. R., a white woman, aged 53 years, a 
patient in the Department of Nervous and Mental 
Diseases of the Pennsylvania Hospital, was awak- 
ened during the night of February 21, 1932, with 
acute generalized abdominal pain. A little later she 
vomited. An effective enema afforded temporary 
relief, but a few days later the abdominal pain 
recurred and was accompanied by distention, nau- 
sea, and vomiting. Attacks of increasing frequency 
and severity continued but the pains were never 
localized. She had no hematemesis or melena at 


Fig. 4. Photomicrograph of section showing destruction 


Fig. 5. Case 2. M. R., Pennsylvania Hospital. Gas and 
fluid level in the small bowel proximal to obstruction at the 
ileocecal valve. 


any time but she lost 12 pounds in weight during 
the month from the onset of the symptoms until her 
transfer to the surgical service of the hospital. 

The physical examination was negative except for 
abdominal distention and active intestinal peristalsis. 
The clinicopathological studies were normal. Roent- 
genological examination by Dr. Bishop showed a 
marked distention of the small intestines with gas to- 
gether with many fluid levels. The barium enema 
did not pass the splenic flexure of the colon (Fig. 5). 

At operation a hard mass measuring 1.5 centi- 
meters by 1.5 centimeters by 1 centimeter was found, 
in the wall of the ileum at a point 10 centimeters 
proximal to the ileocecal valve. It infiltrated the 
wall so that the lumen was greatly reduced. The 
ileum proximal to the tumor was dilated and had a 
thickened wall while the portion rocentimeters distal 
to the obstruction appeared normal. An enlarged, 
firm lymph node was present in the adjacent mesen- 
tery. Fifteen centimeters above the primary tumor 
there was another area of thickening and induration 
in the wall of the ileum. 

A provisional diagnosis of carcinoma of the ileum 
with metastases to adjacent lymph nodes was made. 

An extensive resection was carried out during 
which a portion of the lower ileum with the enlarged 
mesenteric lymph nodes, the ileocecal valve, cecum, 
appendix, and ascending colon were removed. A 
lateral anastomosis between the terminal ileum and 
transverse colon was done. The patient recovered 
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promptly from the operation and has been free « ' 
abdominal symptoms for 22 months. 

Pathology. The specimen (S. 17,581), after fix: 
tion, included 40 centimeters of the lower ileum, wit | 
the ileocecal valve, appendix, cecum, and 10 cent 
meters of the ascending colon. There was, in th: 
wall of the ileum ro centimeters proximal to the ile«. 
cecal valve, a somewhat depressed and puckered are | 
which on palpation was found to overlie a firm tumo* 
mass. This mass measured 1.5 centimeters by 1. ; 
centimeters by 1 centimeter. It was located in th: 
ventral or anterior portion of the wall of the ileun, 
about 1.5 centimeters from the mesenteric borde). 
The circumference of the intestine was greatly re 
duced at this level. The ileum above the point of con 
striction was dilated and had a circumference of ») 
centimeters. The wall was firm and the musculature 
was hypertrophied. The portion of the ileum between 
the tumor and the ileocecal valve was normal. 

A large firm lymph node, 1 centimeter in diameter, 
lay in the mesentery in the vicinity of the tumor. 

The indurated area which occurred 15 centimeters 
above the tumor just described proved to be a leio- 
myoma (Fig. 6). 

When the lumen of the ileum and colon was laid 
open an ulcer measuring 1 centimeter by 1.5 centi- 
meters was seen in the mucosa of the ileum where it 
overlay the tumor just described. The mucosa form- 
ing the edges of the ulcer was not lifted up, but 
rather merged with the tumor which formed the base 
of the ulcer. This exposed portion of the tumor had 
an irregular surface, was of a deep yellow color, and 
was a little roughened by a thin film of exudate 
which covered it. A cut made through the tumor 
and enlarged mesenteric lymph node so that the sur- 
faces lay in the same plane, showed that the dense, 
yellow tumor tissue had infiltrated the muscular 
layers of the ileum and was extending out into the 
subserous fat and that the lymph node was practi- 
cally replaced by tumor tissue almost precisely like 
that of the primary growth. No tumor nodules 
could be found in the appendix. 

Microscopic section revealed a tumor composed 
of rather small cells without very distinct limiting 
membrane. The nuclei were relatively large, 
slightly oval in outline, and vesicular in character 
with chromatin granules lying in the periphery o/ 
the nucleus, the central portion being left as a clear 
zone practically free of chromatin material. Scat 
tered hyperchromatic nuclei were present but no 
mitotic figures were demonstrated. The cells were 
arranged in large and small masses in which rosette: 
and pseudo-rosettes occurred. 

The tumor infiltrated the mucosa at the edges o 
the ulcer so that a sharp transition between thes: 
tissues was lacking. The base of the ulcer was com 
posed of tumor tissue in which there was a rathe 
marked inflammatory reaction evidenced by rounc 
cell infiltration of the more superficial parts of th: 
tumor and a polymorphonuclear leucocytic exudat: 
covering the ulcerated surface. The tumor cell 
invaded all of the layers of the intestinal wall bu 
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or 
(Weromyormea) 


Fig. 6. Drawing of tumor areas in Case 2. 


t!.. greater portion of the tumor lay in the position 
p eviously occupied by the mucosa, submucosa, and 
n iscularis mucose. 

[he mesenteric lymph node was hardly recogniz- 
able due to the replacement of its structure by 
timor similar to that described in the wall of the 
ium. There was relatively more stroma in the 
metastasis than in the primary tumor. The stroma 
cells were small, usually spindle shaped, and were 
compactly arranged in dense bands separating the 
masses of tumor cells. There was little or nothing to 
suggest the presence of smooth muscle cells in the 
metastasis. 

Silver stains showed that there were large numbers 
of argentaffine granules in a great proportion of the 
tumor cells. The Nicholas-Kulchitzky cells in the 
intestinal glands were well stained and occurred fre- 
quently. 


Argentaffine tumors resemble carcinomata 
in that they invade tissues locally, and extend 
into the regional lymph nodes. They may be 
differentiated from the usual carcinomata by 
their yellow color, firm consistency, the ab- 
sence of necrosis, lack of mitosis in the tumor 
cells, and the ability of the cytoplasmic gran- 
ules to reduce silver salts. 

Practically all of the cases of metastasizing 
carcinoids have shown signs and symptoms of 
mild intestinal obstruction over relatively long 
periods before the terminal stages of cachexia 


and death ensued. Both of our cases presented 
evidence of rather marked obstruction and 
had metastases in lymph nodes. Ewell and 
Jackson’s patient had obstructive symptoms 
without metastases. Their patient underwent 
operation successfully and was well 2 or 
more years after extirpation of the tumor. 
Stewart and Taylor’s patient with a carcinoid 
of the appendix and metastases to the pelvis 
was well ro years after removal of the original 
tumor and metastases. 

The excellent results obtained in these cases 
lead us to feel that it is very important to 
diagnose argentaffine tumors correctly at oper- 
ation since removal of the tumors with their 
metastases offers a highly favorable prognosis. 
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SUBTOTAL RESECTION OF THE PANCREAS FOR HYPOGLYCAIMIA 


EVARTS A. GRAHAM, M.D., F.A.C.S., ann ALEXIS F. HARTMANN, M.D., St. Louts, Missourt 
From the Departments of Surgery and Pediatrics, Washington University School of Medicine and the St. Louis Children’s Hospital 


HE recent interest in chronic hypo- 
glycemia as a surgical problem has now 

in enough cases resulted in the success- 

ful removal of an adenoma of the islet tissue 
of the pancreas with the restoration of the 
amount of blood sugar to a normal level to 
include this condition definitely in the group 
of those affections which are amenable to 
surgical therapy. A review of the reported 
cases up to December, 1932, has been given 
in one of our former articles. Since preparing 
that article adenomata have been removed 
successfully in 2 more cases at the Barnes 
Hospital, making a total of 5 successful cases 
at that hospital alone, and several other 
cases have been reported by various authors. 
It is impossible, however, to diagnose ac- 
curately the presence of an adenoma even 
when attempts have been made to exclude 
other causes of the low blood sugar, such as a 
disturbance of the glycogenic function of the 
liver, a failure of the adrenal glands to secrete 
the proper amount of adrenalin, and disorders 
of the pituitary. The literature contains rec- 
ords now of several cases in which, because 
no tumor of the pancreas was found at oper- 
ation, a portion of the apparently normal 
pancreas was removed. For example, por- 
tions of a normal appearing pancreas have 
been removed by the Finneys, by Holman and 
Railsback, by Judd and his collaborators, and 
by Harris and Taylor. In a recent article 
Judd, Allan, and Rynearson have summarized 
the experience at the Mayo Clinic in oper- 
ating on 8 patients for a supposed adenoma 
of the pancreas. In 4 of these cases, segments 
of various sizes were removed from the pan- 
creas because of failure to find the expected 
tumor. The results were not particularly strik- 
ing in any of their cases and the patients still 
continued to have hypoglycemia. One of 
these cases is particularly interesting because 
it is the patient from whom Holman about 4 
years previously had removed about one-half 
of the pancreas because of failure to find an 


adenoma. At a later operation performed by 
Judd only a small nodule was removed froin 
the remaining portion of the pancreas and 
there was no marked change in the patient s 
condition. The case had been previously re- 
ported by Holman and Railsback as having 
been slightly improved. Evidently the im- 
provement was not sustained. In the Finneys’ 
case approximately two-thirds of the pancreas 
was removed, beginning at the tail. There was 
no noteworthy improvement in the patient’s 
condition after the operation. In a personal 
communication, Dr. Seale Harris has written 
that, in a patient operated upon by Dr. Adrian 
Taylor, a clinical cure was accomplished by 
the resection of about half the body and all 
of the tail of the pancreas except the portion 
attached to the splenic vessels. 

It becomes evident from this brief review 
of the reported cases that in general the re- 
section of an approximately normal pancreas 
up to the amount of two-thirds of it is not 
likely to result in permanent improvement of 
the chronic hypoglycemia except rarely. Sev- 
eral authors have drawn an analogy between 
the condition of so called hyperinsulinism 
with hypoglycemia and hyperthyroidism with 
its effects. The argument has, therefore, been 
made that removal of some of the pancreas 
should have just as much effect in the relief 
of hypoglycemia as does the removal of part 
of the thyroid gland in cases of thyrotoxicosis. 
This idea was originally expressed by Wilder 
and has since been mentioned by many au- 
thors who have written on the subject of the 
application of surgery to hypoglycemia. 1f 
it should prove true that there is such a cor- 
dition as hyperinsulinism associated with a 
pancreas which is relatively normal anaton - 
ically then it would seem apparent that the 
removal of a considerable portion of the par - 
creatic tissue would probably improve the 
state of hypoglycemia. In line with suci 
reasoning one might suppose that the failur: 
to obtain permanent and satisfactory results 
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in the majority of cases in which a true tumor 
his not been found might have been due to 
the removal of too little pancreatic tissue. It 
is well known, for example, that it is necessary 
t. remove from the normal dog approximately 
;. per cent of the pancreas in order to create 

state of diabetes. Likewise it will be re- 

‘led that surgery in toxic thyroid disease 

nained on the whole unsatisfactory until 

became generally recognized that it was 
) cessary in most cases to remove nearly all 
the thyroid gland. 

With these considerations in view the fol- 

ving case seems to be of interest and im- 
‘tance because of several features. Owing 
a failure to find a suspected adenoma, a 
ptotal resection of the pancreas was per- 
med in which all of the pancreatic tissue 
s removed except for a very small portion 
ich was allowed to remain in order to pro- 
tc t the common bile duct. It was estimated 
tlt between 80 and go per cent of the pan- 
creatic tissue was removed. The result of the 
renoval of this amount of pancreatic tissue 
was a prompt improvement in the persisting 
chronic hypoglycemia, and this improvement 
has been maintained over a period of 9 months. 
Another unusual feature about this case is 
that it is the youngest patient, reported in the 
literature, who has been subjected to an oper- 
ation for a supposed adenoma of the pancreas 
(1 year of age). Apparently also it is the first 
time that a deliberate attempt has been suc- 
cessfully carried out to remove practically all 
of the pancreatic tissue. Another striking fea- 
ture of the case has been that the correction of 
the state of hypoglycemia in the patient has 
permitted the baby to develop from a patient 
with a markedly retarded mentality to one 
with a mentality so developed that the par- 
ents consider her to be a normal child. 

The patient was admitted to the St. Louis Chil- 
dren’s Hospital on May 9, 1933, at the age of 12 
months, because of convulsions. The admitting note 
was as follows: ‘The baby was a full term spon- 
taneous delivery without difficulty. The birth weight 
was 9 pounds; perfectly well until the age of 3 
months when she had a mild convulsion involving 
only the arms and chiefly the right arm. At 7 
months she had another convulsion which was more 
severe and began in the right leg with progression 
to the right arm and right face. Yesterday there was 
a series of six convulsions mostly on the right side. 


Fig. 1. Section of pancreas removed showed no neo- 
plastic growth. 


The majority of these convulsions lasted from 2 to 4 
minutes but one lasted for nearly an hour. The blood 
calcium which was determined at the request of 
Dr. H. W. Gante of Anderson, Indiana, when the 
patient was 11 months of age was found to be low 
(4.3 milligrams per 100 cubic centimeters of serum) 
and since that time she has been taking calcium 
gluconate by mouth. She has been able to hold her 
head up slightly since the age of 2 months but she 
does not sit up, walk or talk.” 

Examination showed a cheerful, fat, flabby, hypo- 
tonic baby. The head appeared somewhat larger 
than normal. The fontanelle was very widely open 
but not bulging. Four incisor teeth were present. 
The reflexes were equal and active. The patient 
would not hold up her head for more than a very 
brief moment. On May 12, her fasting blood sugar 
was 19 milligrams per cent, expressed as true glu- 
cose. A glucose tolerance test showed a rise of 60 
milligrams per cent in 1 hour with a fall of 40 milli- 
grams per cent in 2 hours. Several other determi- 
nations of the fasting blood sugar showed a marked 
hypoglycemia. 

On May 17, Dr. Sidney I. Schwab, after a neuro- 
logical examination of the baby, made the following 
note: ‘‘This is a hypoglycemic child with convul- 
sions. No neurological basis for the convulsions is 
found. In the hypoglycemic state the patient ap- 
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TABLE I. 
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00D AR VALUES OBSERVED DURING PERIODS OF STUDY AND 


Period I 
(May 9-13) II 


1) 
(June 1-12) High 
Regular diet—no treatment gh carbohy date diet 


| Glucose 
mgm. per 
100 ¢.cm. 


Glucose 
Hrs. after 
food 


Date 


food 


Date 
100 ¢.cm. 


Period III Period 
(June 15—25) (July 1o and 
Regular diet—pituitary extracts Postoperative 


Glucos 
mgm. p 
100 C.cr. 


Glucose 
mgm. per Hrs. after 


100 ¢.cm. 90) 


Date 


| 
| mgm. per | 
| 
4st 
| 
| 


6-14-33 


522* 


2:05 p.m. 


6-14-33 3:55 p.m. 448* 


| 


6-14-33 502* 


6-15-33 471* 


6-15-53 


6-15-33 


6-19-33 


6-19-33 


6-19-33 7-14-33 


6-20-33 7-15-33 


6-20-33 7-17-33 


12-33 


6-20-33 7-18-33 


6-22-33 7-18-33 


6-23-33 7-10-33 


| | 


6-24-33 7-21-33 


6-25-33 7-22-33 


7~ 3-33 7-24-33 


7— 5-33 7-27-33 


8- 2-33 


8-30-33 


8-31-33 


Q- I-33 


Q- I-33 


9-26-33 


g-28-33 


9-28-33 


10-3-33 


10-5-33 


4-10-34 


” 


*Capillary whole blood “true” sugar values. 
tVenous whole blood ‘‘apparent”’ sugar values. 


pears dull and lethargic and gives the impression of 
mental deficiency or backwardness. When the blood 
sugar is near or beyond the normal after feeding of 
carbohydrates the patient becomes more alert, ap- 
pears brighter, holds her head up, and can almost sit 
alone. This would seem to establish in my opinion 
the relationship between the hypoglycemia and the 
convulsions and the mental state.” 

On several occasions in the hospital the patient 
had convulsive attacks which were sometimes chiefly 
present on the right side but sometimes also most 
marked on the left side. In some of the attacks she 


apparently became unconscious. Prompt relief was 
regularly obtained by giving orange juice by gavag:. 

Before a decision was made to look for a 
pancreatic tumor, the patient was studicd 
from a number of angles. The observatioi s 
may conveniently be divided into a numb: r 
of periods, as follows (see also Table I): 

1. Initial observations: During this first peri d 


of study, the patient was kept on an ordinary i - 
fant diet, suitable for a baby 12 months of age. Du - 


Hrs. after 
food 5 
5-10-33 3 5-15 33| 4 3% | 40° [7-19 
5-11-33 4 5-15 33 83* 
| 
5-13 33 | 34 | | 5-16 33 | 2 | 229° 
| 19-33 | 2 | 127° 
6-1 33 | 53° | 5-10-33 | I | 201* 1% | 205° 
o- 8-33] 4 |s-18-33| 2 | 8° 
6- 9-33 2 18* 5-18-33 2 | | 3% 125° ing 
4 25° 5-10-33 2 136* 1% 150° pre: 
5-22-33 2 104* 3% 130* phy 
5-24-33 63* 3% 103* Ing 
| §-27- 3} 6* 2% 
ae 3 85* The 
| | 82* 
| 3% 110* pro 
| 3% 61* 
| no 
. 
| 3% 102* (set 
sug 
| | | | val 
| | | | 73° 30. 
| | | 2% 77° one 
— 3% 63* 
| 
cor 
un 
‘ 
by 
wh 
of 
tee 
a 
by 
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TABLE Il.——-GLUCOSE TOLERANCE TESTS 


TABLE III.—-RESPONSE OF BLOOD SUGAR 
TO EPINEPHRINE BEFORE OPERATION 


Blood sugar s Blood sugar 
Date Time mgm. per Remarks* Date Time mgms. per Remarks 
100 ¢.cm. 100 c.cm. 
5-12-33 12 50 p.m, 19.0 19.0 gms. glucose (1.75 gms. 6-29-33 8:50 a.m. 32.0 3 minims adrenalin chloride 
Before 1:30 p.m. 39.0 per kilogram body weight) 9:20 a.m. 67.0 given subcutaneously at 
operation 2:30 p.m, 43.0 given in 150 c.cm. dilute 9:42 a.m. 84.0 9:00 a.m. 
3:30 p.m. 61.0 orange juice at 12:50 p.m. 10:04 a.m. 99.0 
4:30 p.m. 42.0 3:25 p.m. §7.0 
4-20-34 8:55 a.m. 39.6 17.5 gms. glucose (1.75 gms. 6-30-33 8:50 a.m. 59.0 3 minims adrenalin chloride 
\fter 9:35 a.m. 89.5 per kilogram body weight) 9:24 a.m. 104.0 given subcutaneously at 
operation 10:05 a.m. 106.4 given in 150 c.cm. dilute 9:46 a.m. 114.0 8:55 a.m. 
11:05 a.m. 99.8 orange juice at 8:55 a.m. 10:08 a.m. 113.0 
12:05 p.m. 47-7 10:35 a.m. 113.0 
11:03 a.m. 113.0 
*lhe apparent discrepancy in the statement here that the body 


weit was greater on May 12, 1933, with the statement in the text 
that the child gained 6 pounds between her discharge from the hospital 
and the examination on = 20, 1934, is to be explained by the fact that 
there was an actual loss of weight during the child’s stay in the hospi- 
tal because of several infections. 


ing this period, which lasted a week or so, she had 
several convulsions, often seemed very drowsy, was 
rather hypotonic most of the time and generally im- 
pressed one as being mentally deficient. Routine 
physical and laboratory examinations revealed noth- 
ing of importance except for the blood sugar con- 
centration. The Wassermann and tuberculin re- 
actions were negative. Schick test was positive. 
The urine was normal, the blood count and smear 
within normal limits. Her serum calcium was 12.0 
milligrams per 100 cubic centimeters, serum in- 
organic phosphorus 5.0, non-protein nitrogen 23.0, 
protein 7.1 per cent. The initial blood sugar, how- 
ever, was 45.0 milligrams per 100 cubic centimeters 
(non-true sugar value). The following day it was 23.0 
milligrams per 100 cubic centimeters. Two days 
after admission, a glucose tolerance test was made 
(see Table II). During the next few days blood 
sugar determinations were repeated and true sugar 
values on capillary whole blood were usually under 
30.0 milligrams per 100 cubic centimeters, and on 
one occasion the extremely low value of 6.0 milli- 
grams per 100 cubic centimeters was obtained. 

2. During this period, the effect of a high carbo- 
hydrate diet was studied. In addition to her regular 
infant diet with milk feedings at 4 hour intervals 
she was offered in between each milk feeding orange 
juice with added sugar, the idea being to keep up 
constant absorption of dextrose from the intestinal 
tract. During this period the blood sugar rose dis- 
tinctly, but in general remained still slightly sub- 
normal. This rise in blood sugar was accompanied 
by improvement in the appearance of the patient, 
convulsions ceased, she seemed somewhat more 
alert, she sat up by herself and the nystagmus, 
which had been present from time to time, remained 
absent for long periods of time. At the beginning 
of the study she developed a respiratory tract in- 
fection, accompanied by fever. Associated with this 
infection, there was a rise in the blood sugar to 229 
milligrams per 100 cubic centimeters, accompanied 
by a transient period of glycosuria. After recovery 


from this infection, the blood sugar again returned 
to a subnormal level. 

3. During this period we investigated the effects 
of several pituitary extracts which were thought 
might contain substances tending to raise the blood 
sugar level. Loeb’s thyrotropic pituitary hormone 
was used, as well as Collip’s thyrotropic pituitary 
hormone, and the growth hormone of Parke, Davis 
and Company. Despite the injection of what pre- 
sumably was a large amount of such substances, no 
real effect on the blood sugar level was determined. 

4. During this period we investigated the glyco- 
genic function of the liver. Adrenalin was injected 
subcutaneously and the blood sugar followed for a 
number of hours afterward (see Table III). Adren- 
alin was quite effective in bringing the blood sugar 
up to a normal value and holding it there for several 
hours. At this stage of the study it was felt that it 
was extremely advisable to explore the pancreas in 
the hope of finding a tumor. 

On July 10, 1933, the patient was operated on 
(by E. A. G.) through an upper left paramedian in- 
cision. The pancreas was exposed without difficulty 
through the gastrocolic omentum. Nothing re- 
sembling a tumor was seen or felt. Exploration of 
the rest of the abdomen revealed nothing abnormal. 
Both adrenal glands were felt to be normal in size. 
The liver also seemed normal. It was, therefore, 
decided to resect most of the pancreas. The tail was 
mobilized easily and it was stripped from the splenic 
vessels without difficulty except for the ligation of 
five or six small veins which were tributary to the 
splenic vein. Almost a complete removal of the 
pancreas was accomplished leaving only a small 
remnant of pancreatic tissue in the curve of the 
duodenum to protect the common bile duct. The 
amount of pancreas which was allowed to remain 
was estimated at less than one-eighth of the total 
amount. The resection of the pancreas was accom- 
plished with surprising ease. A rubber dam drain 
was placed next to the stump of the pancreas and it 
was brought out through a stab wound. The in- 
cision was closed in layers. 

Following the operation, the patient developed a 
blood sugar of 522 milligrams per cent, and, of 
course, had glycosuria. The hyperglycemia gradually 
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diminished, and finally a true sugar value which re- 
mained fairly constant around 80 milligrams per 100 
cubic centimeters (which is normal) was attained. 
During this time there was some trouble as the 
result of a wound infection. Persistent otitis media 
also made it necessary to do a bilateral antrotomy. 
During her recovery from the wound infection and 
the mastoid operation, she lost most of her flabby 
fat. During this time her blood sugar remained 
normal. It seemed to us that she appeared a little 
bit more intelligent and noticed things about her 
more. Intelligence tests, however, as conducted by 
an expert, Miss Barbara Kendall, failed to reveal 
any improvement over several months’ time. She 
commented as follows: ‘‘ Perhaps it is too much to 
expect a change until the patient is put in a more 
stimulating environment and until she has fully re- 
covered from the effects of her recent illnesses.” 
The patient was discharged from the hospital on 
October 22, 1933. 

Examination of the pancreas. The removed pan- 
creatic tissue was given immediately to Dr. James 
L. O’Leary for examination. Dr. O’Leary, of the 
department of cytology, is a former pupil of Dr. 
R. R. Bensley of the University of Chicago and is 
familiar with all of Bensley’s special methods of 
examination of the pancreas for secretion granules. 
Dr. O’Leary’s report of his examination follows: 

“The material received for diagnosis consisted of 
a portion of the pancreas of a child of 11 months 
which had been removed by Dr. Evarts Graham and 
associates 10 minutes previously. It appeared nor- 
mal to gross inspection, contained no palpable 
masses. 

“Blocks were fixed immediately in aqueous, acetic 
(5 per cent) and formol (10 per cent) chrome sub- 
limates, in acetic-osmic-bichromate (Bensley’s fluid), 
in formalin-potassium bichromate (Regaud’s fluid) 
and in picro-acetic-formol (Bouin’s fluid). Several 
snips were placed immediately in Ringer’s fluid and 
in 1:2000 neutral red in physiological saline for 
fresh examination. 

“Islet cells were isolated by teasing bits of fresh 
pancreatic tissue, the bits were mounted between 
slide and coverslip and studied with an oil immersion 
lens. The islet cells thus examined in the fresh, un- 
stained state appeared normal. In the material im- 
mersed in neutral red, it was found that the specific 
cytoplasmic granules of all islet cells, which had 
ready access to the dye, colored. No differentiation 
between A and B cells was apparent. 

“Five micron sections from the formol chrome 
sublimate blocks, after dehydration, imbedding and 
cutting, were stained by the Mallory azan method 
and with aniline acid fuchsin-Mallory II. The slides 
stained by the latter method received a preliminary 
treatment with potassium permanganate and oxalic 
acid. Sections from blocks fixed in formalin, acetic 
and aqueous chrome sublimates were stained with 
Bensley’s and Bowie’s neutral dyes. 

“The acinar and duct components of the pancreas 
may be dismissed with the statement that detailed 
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examination revealed no abnormal characteristics, 
A complete survey by the section method of the 
pancreas removed showed no evidence of neoplastic 
growth. (Fig. 1.) 

“The appearance of the islets was considered in 
more detail by comparison with a series of similarly 
fixed critical specimens. The series included: (1) 
two normal adult pancreases obtained at necropsies 
performed shortly following accidental death; (2) the 
pancreases of two adult patients having symptoms 
of chronic hypoglycemia (these were obtained 
through the courtesy of Dr. Nathan Womack, St. 
Louis, who removed about one-half of the pancreas 
in each case with subsequent alleviation of the hypo- 
glycemic symptoms); (3) a case of hypertrophy of 
the islets of Langerhans in the newborn examined 
through the courtesy of Dr. S. H. Gray, St. Louis; 
and (4) a series of slides demonstrating hydropic 
degeneration in the islets of the cat’s pancreas during 
the course of experimental diabetes produced by the 
removal of seven-eighths of the organ. The latter were 
representative of the material used by Homans 
(1914, J. Med. Research, 30) in his extensive study 
of experimentally produced hydropic degeneration. 
They were loaned to us by Dr. R. R. Bensley. 

“As far as could be judged from thin sections, the 
islets occurred in normal size and number. A, B, and 
D cells occurred in the normal order of frequency. 
They usually had closely packed specific granules; 
but, not infrequently, cells were observed which 
had a sparsity of granules. Occasional cells were 
found which had pyknotic nuclei and dense cyto- 
plasm containing numerous vacuoles of varying 
size. These did not resemble those found in the con- 
dition called hydropic degeneration. 

“Tn contrast to the portions of the pancreases 
obtained through the courtesy of Dr. Womack, and 
critical normal control material, the majority of the 
islet cells after formol chrome sublimate fixation, 
contained no vacuoles. In the material used for 
purposes of comparison, normal appearing islet cells 
of both alpha and beta varieties were frequently 
found which contained two to three, sometimes five 
or more small vacuoles scattered through the cyto- 
plasm. 

“Tn the islets of the present case there were a 
slightly larger number of degenerating cells than 
are usually found in the islets of normal pancreases 
although it is questionable whether or not this ob- 
servation has any particular significance.” 


RE-EXAMINATION OF THE PATIENT 9 
MONTHS AFTER OPERATION 
On April 19, 1934, the patient returned for 
examination. The mother stated that there 
had been no convulsions and no repetition of 
any of the former symptoms of hypoglycemia. 
The most significant finding in the examina- 
tion was a true blood sugar value of 83 milli- 
grams per 100 cubic centimeters in the fasting 
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state, a practically normal amount. The re- 
mainder of the blood chemical studies showed 
the following: Serum carbon dioxide content 
53-7 volumes per cent, serum protein 8.06 
per cent, sodium chloride 620, non-protein 
nitrogen 27.0, and inorganic phosphorus 6.1 
milligrams per 100. The baby had developed 
physically to a gratifying degree. She had lost 
her flabby appearance, she was able to sit up 
without difficulty but was still unable to stand 
without holding to something. Her nutrition 
was normal. She had sixteen teeth. The fonta- 
nelles were closed. The stools were normal and 
on microscopic examination showed no ab- 
normal deficiency in the digestion of starch 
or fat. Her weight was 25.5 pounds, a gain 
of 6 pounds in the 6 months since her dis- 
charge from the hospital. The mother felt con- 
vinced that the baby was normal mentally for 
her age of 23 months. She took a marked in- 
terest in toys, responded to her name, and said 
three or four words. A re-examination of the 
patient, however, by Miss Kendall failed to 
show as much definite evidence of gain in 
mental development as seemed probable. Her 
conclusion is as follows: ‘‘The intelligence 
quotient of 52 represents a gain of 15 points 
over the rating of 37 (the previous rating), or 
a gain of 7 months since October. It is im- 
possible to foresee whether a further gain in 
intelligence quotient is to be expected.” 


CONCLUSIONS 


A case is reported in which between 80 and 
go per cent of the pancreas was removed from 
a baby 1 year of age for chronic hypogly- 
cemia with repeated convulsions and a 
marked retardation in mental development. 

The blood sugar, although at first raised to 


an abnormally high level as a result of the re- 
moval of so much pancreatic tissue, later be- 
came practically normal in amount. All of 
the symptoms caused by the hypoglycemia 
promptly disappeared and have not recurred. 

The mental and physical states of the pa- 
tient have shown marked improvement since 
the operation, but it is too early to determine 
whether the mental development of the baby, 
perhaps retarded by the persistent hypo- 
glycemia, will progress to the state of a 
normal child. 

The pancreatic tissue which was removed 
was essentially normal anatomically. It is 
impossible, therefore, to state whether the 
hypoglycemia in this case was due to hyper- 
insulinism or to some other factor. The other 
known causes of hypoglycemia were ap- 
parently satisfactorily excluded. 

This case differs from other cases in which 
portions of apparently normal pancreas were 
removed for hypoglycemia in that in this 
case a much larger proportion of the organ 
was removed, amounting actually to a sub- 
total resection. 

No interference with the general nutrition 
of the baby or of the acid-base balance of the 
blood occurred as the result of losing nearly 
all of the pancreatic tissue. 
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that a man is as old as his arteries. The 

gradual lessening of blood to the tissues 
is the mechanism that carries us farther and 
farther away from the glory of youth. 

When this lessening of blood supply takes 
place very gradually and involves most of 
the tissues of the body simultaneously, we 
accept it with more or less resignation. It is 
only when some particular part is involved 
sharply, or when the change in blood supply 
occurs earlier than the average age expectation 
that our attention is especially arrested. 

That this alteration in blood supply is 
inevitable and is the cause of the great in- 
volution in the body is a part of our common 
knowledge. We look upon it as one phase of 
our biological heritage. Why certain tissues 
are involved out of all proportion to the re- 
mainder of the body, or why these changes 
should occur as a pre-senile process, arouses 
in the student of pathology and therapeutics 
a curiosity that is on the increase. Through 
observation and experiment a very great 
impetus has been given to the study of the 
etiology of impaired circulation, and in recent 
years much has been written regarding pre- 
vention and treatment. 

From a surgical standpoint, we are chiefly 
concerned with the circulation of the extremi- 
ties—the problems of peripheral circulatory 
disease—but whatever the structure involved, 
the causes, the damage, and the principles of 
treatment are the same. Coronary thrombo- 
sis, interstitial nephritis, atrophic cirrhosis, and 
anemia of the central nervous system, are 
brothers to peripheral vascular disease. We 
cannot see these deeper structures so plainly 
nor can we approach them so easily and that 
makes the difference. 

We have been passing through a phase of 
active operative therapeutics in the treat- 
ment of these conditions. Reversal of the 
circulation, balancing the circulation, ligation 
of the main artery, arterial sympathectomy, 
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and ganglionectomy were thought out and cou- 
rageously tried, for there is much to gain and 
little to lose in fighting for the life of a limb 
already doomed. In the last analysis ampu- 
tation is a confession of failure, but it is often 
a method of relieving the patient’s symptoms 
and sometimes prolongs his life. 

At the present time there is a tendency to 
urge earlier diagnosis and conservative treat- 
ment rather than wait until some form of 
necrosis or infection has occurred. A very 
considerable literature has accumulated and 
the authors are stressing a number of factors. 
The lessening in blood flow is due to two chief 
causes, spasm and organic narrowing of the 
vessels. The development of collateral cir- 
culation is the means by which improvement 
in circulation is, for the most part, brought 
about. Landis and Gibbon have shown by 
experiment and observation that suction 
applied to a limb sharply increases the blood 
supply. 

Morton and Scott worked out and standard- 
ized a method of estimating the relative parts 
played by angiospasm and organic narrowing 
of the vessels in this group of peripheral 
vascular diseases. Their reports have done a 
great deal in clearing up a field of therapy in 
which thought and practice were often cloudy 
and confused. Pearse has recently reported 
the experiences of the surgical clinic at the 
University of Rochester with vein ligation as 
a means of increasing the amount of blood in 
an extremity. 

In this paper we do not propose to discuss 
the various operative procedures that have 
been tried and are still being used, but shall 
confine ourselves to a report of our experiences 
with passive vascular exercise. 

During the past 25 years, and following upon 
the pioneer work of Leriche, there has been a 
gradually increasing interest in the study of 
peripheral vascular disturbances and a broad- 
ening conception of the entire field. Attention 
and thought and trial were quickened by the 
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work of Royle and Hunter in 1924. This was 
particularly true of the sympathetic nervous 
system, especially in its relation to the control 
of blood supply and to pain. 

Upon the footsteps of this initial enthusiasm 
and its reaction, and because of so many 
disappointments, there has gradually de- 
veloped a more rational evaluation of all 
therapeutic measures at our command in the 
treatment of the various disturbances of the 
peripheral circulation. 

Along with this rational evaluation of 
therapeutic measures there has developed 
also the better method of treating each case 
as an individual problem rather than trying 
to apply a mass rule. Encouraged by some 
successes and despite many disappointments, 
surgery is beginning to show a resoluteness of 
purpose that has not before been seen in this 
particular field. 

In 1834 Junod presented to the French 
Academy of Sciences his experience with the 
application of “thinned and thickened air,” 
either to the entire body or to a single portion 
of it. The apparatus used, and which was 
known as Junod’s boot, consisted of a glass 
and copper cylinder or boot shaped to fit the 
foot and leg. A broad rubber ring was fastened 
about the extremity to shut off air. A man- 
ometer and thermometer were supplied and 
the boot was attached to a suction syringe 
and, if needed, heated vapors were also 
applied. 

At that time the observation was made that 
“if the atmospheric pressure over an extremity 
is diminished the skin swells and becomes red 
and the limb soon increases in circumference. 
The inflowing blood spreads an unaccustomed 
warmth in it; the exerted moisture quickly 
evaporates and deposits on the walls of the 
cylinder.” The work of Junod did not gain 
wide recognition and was forgotten. 

In 1905, August Bier introduced the prin- 
ciple of hyperemia as a therapeutic measure. 
His work was followed with great interest and 
his methods, although they were often modi- 
fied, were widely used. He stated that, “‘if 
we accept the reactions of the body as useful 
efforts of nature, we must admit that hyper- 
emia is the most widespread of all autocura- 
tive agents.” 


Bier used a glass boot with a cuff of para 
paper for its attachment. The boot was 
hooked up to a bicycle pump and the valves 
changed so as to convert it into a suction 
pump. He noticed an increase of surface 
temperature following treatment. Experience 
taught him that dilatation of a certain area 
of capillaries is associated with an accelera- 
tion of blood current in the concerned area, 
provided the heart action remains the same. 
He also noted that in the development of 
collateral circulation by hyperemia, produced 
by dilatation of the vessels, it was the capilla- 
ries that played the active rdle. A modification 
of this method was used by Willy Meyer and 
Schmeiden and Klaff in disturbances of the 
circulation of the extremities. Sinkowitz and 
Gottlieb in 1917 reported excellent results in 
4 cases of thrombo-angiitis obliterans. 

In December, 1933, Reid and Herrmann 
presented before the Southern Surgical Soci- 
ety, a preliminary report of the results of a 
negative pressure environment in the treat- 
ment of occlusive peripheral vascular disturb- 
ances. The apparatus used was named the 
pavaex, which is an abbreviation for “‘passive 
vascular exerciser.”” It mechanically supplies 
an alternating negative and positive pressure 
environment. 

In January, 1934. Reid (11) presented a 
more complete and detailed report of its 
uses in the Matas Vascular Surgery Lecture. 
Several years ago the same writer, in a paper 
read before the American Surgical Association, 
(10) made a strong plea for early and con- 
servative treatment, and as a result of the 
excellent work done by Reid and Herrman a 
tremendous impetus has been given to the 
conservative management of peripheral vas- 
cular disturbances. 

It is on the basis of their work that the 
following series of cases is presented. First, 
as confirmatory of their results, and second, 
with the view of suggesting that such a 
method has great possibilities as a thera- 
peutic measure, not only in thrombo-angiitis, 
arteriosclerosis, and the various occlusive 
diseases, but also in ununited fractures, 
arthritis (atrophic and hypertrophic), frost- 
bite gangrene, and the various circulatory 
disturbances that result from trauma. 
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THROMBO-ANGIITIS OBLITERANS 


Case 1. H. J., white, aged 61 years, had had 
symptoms referable to the left lower extremity for 
1 year. The skin surface was glistening with dusky 
discoloration; the foot and toes were held immobile; 
there was cedema of the entire dorsal surface of the 
foot and all of the toes; exquisite tenderness was 
noted. He was unable to stand any form of pressure. 
No pulsation was obtained in the dorsalis pedis and 
posterior tibial arteries. Following an intensive 
course of treatment over a period of 2 months, sub- 
jective symptoms disappeared. Along with this 
there was a gradual subsidence of the oedema and 
discoloration. At the present time, 4 months after 
treatment was begun, there is no recurrence of 
symptoms. 

CasE 2. Y. P., white, male, aged 52 years, had 
had symptoms referable to the right leg for 7 years. 
A typical history was noted. When the patient was 
first seen he showed evidence of having developed 
some compensatory collateral circulation. Following 
a series of treatments, pulsations developed in the 
posterior tibial artery, and the subjective symptoms 
disappeared. 

CasE 3. M. M., white, male, aged 30 years, had 
had symptoms referable to the left leg for 3 years. 
One year previous to the time he was first seen, the 
second toe had been amputated because of dry 
gangrene. This amputated stump did not heal. 
When first seen, examination revealed an unhealed 
amputation stump of the second toe and a perforat- 
ing ulcer on the plantar surface of the third toe. 
Because of excruciating pain and inability to rest, 
the patient had entered the hospital for amputation. 
An interesting observation in this case was that he 
had considerable oedema in the affected foot, but 
without signs of active infection. Treatment was 
followed first by almost immediate disappearance of 
pain, then by gradual reduction of swelling, and, after 
several weeks, by healing of the ulcers. 


OBLITERATIVE ARTERIOSCLEROTIC DISEASE 


CasE 1. T. M., white, male, aged 54 years, had 
had symptoms in the left leg for 3 years due to 
obliterative arteriosclerotic disease of the left lower 
extremity with severe degree of secondary anemia. 
The latter was treated first. Following improvement, 
passive vascular exercises were started to which he 
responded rapidly. 

CasE 2. F. C., white, male, aged 51 years, had an 
obliterative arteriosclerotic disease of the right foot 
and leg with several large painful ulcerations. There 
had been no response over a period of 2 years to 
any form of therapy. Following passive exercise in 
conjunction with prescribed conservative thera- 
peutic measures there was complete disappearance 
of symptoms with healing of the ulcerations. 


FROSTBITE GANGRENE 


Ritter reported favorable results in the 
treatment of frostbite gangrene with hot air. 
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He suggested that it was due to the exercising 
and strengthening of apparently paralyzed 
vessels. He also stated that stasis hyperemia 
was also effective, due possibly to stimulation 
or regeneration of injured cells. 


CasE 1. J. F., colored, male, aged 20 years, gave 
a history of exposure to cold over a period of 8 hours. 
He was seen about 4 hours after his initial exposure, 
at which time examination revealed large vesicles 
on both the dorsal and palmar surfaces of all of the 
fingers of the right hand. There was a definite line 
of discoloration at the junction of the distal and 
middle phalanges. The entire hand was cold, 
swollen, and indurated. Normal pulsations were 
obtained in the radial artery. In addition to the 
pathological condition in the right hand, the little 
finger of the left hand was swollen and indurated. 
The patient’s right hand was treated at 6 hour 
intervals over a period of 48 hours. This was con- 
tinued for 3 weeks, the frequency of treatments 
being gradually tapered off. At the end of this time 
there had been complete desquamation of the 
outer layer of the skin of all the fingers, with loss of 
the nails. There was no necrosis of the soft tissues. 
He has been seen at intervals during the past 3 
months, and there is no evidence of tissue destruc- 
tion. All of the finger nails have regenerated. On 
the left hand which was untreated, and which, by 
comparison, showed much less evidence of frostbite, 
necrosis of the distal phalanx of the little finger 
developed. 

CasE 2. H. C., colored, male, aged 34 years, gave 
a history of exposure to cold over a period of 12 
hours, while working on a grain elevator during one 
of the coldest nights of the year. He was seen within 
6 hours of his exposure, at which time examination 
revealed extensive vesication of all the fingers of 
both hands. There was a very definite blue black 
discoloration of the middle and distal ends of the 
proximal phalanges. In addition both hands were 
cold, indurated, and considerably swollen. Radial 
pulsations were apparently normal. He was treated 
every 6 hours over a period of 72 hours. The fre- 
quency of treatments was then gradually decreased. 
At the end of 2 weeks there had been complete loss 
of the superficial epithelium over the involved 
areas, with loss of all the finger nails except the left 
thumb nail. There was no destruction of soft tissues. 
He has been seen at frequent intervals over a period 
of 3 months, and there is no apparent residual 
change except for loss of pigment. 


In addition to these 2 cases 3 other patients 
were similarly treated with no apparent 
residual damage except for the loss of pig- 
mentation. 

It will be remembered that the past winter 
was a very cold one and other patients were 
seen who were not treated by passive vascular 
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exercise. These ran the usual course of 
frostbite necrosis and in most instances lost 
varying lengths of their fingers or toes. 


UNUNITED FRACTURES AND DELAYED UNION 


Ambroise Paré was the first to use artificial 
stasis hyperemia in insufficient callus for- 
mation. In 1875 Nicolodoni described Dum- 
reicher’s method for treatment of insufficient 
callus. He stated, ‘Perhaps we will succeed 
in reaching our goal if we are able to send a 
larger quantity of nutritive material to the 
threatened place. If we can still more fill the 
vessels, and if the tissues are in a condition 
fit to take up the material, of which we now 
have an abundance, an artificially produced 
and permanently maintained hyperemia per 
se will exercise a powerful stimulus on the 
tissues and tissue elements, which participate 
in formation of callus in accordance with the 
relation of added nutrition to function.”’ In 
1886, Brum cited 5 cases of insufficient callus 
formation satisfactorily treated by means of 
artificial hyperemia. 


CasE 1. G. H., white, female, aged 43 years, had 
a simple comminuted fracture of the left tibia and 
fibula, middle third, which 4 months after the initial 
injury showed but slight evidence of callus formation 
either clinically or by X-ray. General examination 
was entirely negative except for the local pathology. 
Pulsation was present in dorsalis pedis and posterior 
tibial arteries. Wassermann reaction was negative. 
After 5 weeks of treatment there was sufficient callus 
formation, which was confirmed by the X-ray, to 
permit of weight bearing. At the end of 7 weeks the 
patient was permitted to walk without any type of 
support. She has been seen since at 2 week intervals. 
She has firm union and walks normally. 

CaSE 2. J. S., white, female, aged 32 years, had a 
fracture of the right radius and ulna at the middle 
third. An open reduction was performed 6 days 
after the initial injury. She was observed over a 
period of 10 weeks from the time of her injury and 
showed no evidence of callus formation either clini- 
cally or by the X-ray. No explanation for the failure 
of callus formation could be found. She was given 
a series of passive vascular exercises, and in 3 weeks 
there had developed clinical evidence of sufficient 
callus formation to justify removal of the splints. 
In 5 weeks’ time patient showed normal bony union 
clinically and by the X-ray. 


ARTHRITIS 


One of the patients with thrombo-angiitis 
obliterans had been having symptoms ref- 


erable to his joints over a period of 5 years. 
A diagnosis of hypertrophic arthritis had been 
made. When first seen he was complaining 
of pain and stiffness in the left knee even more 
bitterly than of the symptoms in the left foot, 
in which thrombo-angiitis obliterans was 
present. While placing the rubber collar 
about his leg and introducing the foot and leg 
into the boot he complained of severe pain 
and tenderness in the knee. After being 
treated twice daily over a period of 3 weeks 
there was noted a marked subsidence of 
symptoms in the foot and complete disap- 
pearance of symptoms referable to the knee. 
Whether this improvement was coincidental 
or due to circulatory improvement will have 
to be proved. However, another case of 
hypertrophic arthritis is now under treat- 
ment. This patient has shown marked 
amelioration of symptoms. 

Concerning arthritis, Pemberton has made 
the following observations. ‘The derange- 
ment of function, which physicians are now 
able to recognize as constituting a background 
of the rheumatoid problem is one that has to do 
probably in several ways with disturbance of 
the finer blood supply to various parts of the 
body and apparently more or less in both 
types of arthritis. 

“Arthritic persons, as a whole, have lower 
peripheral temperatures than do normal 
persons, because of the decreased blood flow 
in the tissues concerned. The capillary bed 
is seen to be rather immobile in a state 
resembling vasoconstriction, and unrespon- 
sive to those adaptations which changes in 
the environment imposed on it.” 

With these statements of Pemberton’s and 
the observations noted in the 2 cases men- 
tioned, the suggestion is made that possibly 
we may now have available a simple form of 
treatment that, in conjunction with accepted 
forms of therapy, may prove of great value in 
the treatment of these particular types of 
arthritis. 

Perhaps the most interesting group of cases 
treated was a small series of 4 patients 
with disturbances associated with trauma of 
the forearm. In 2 of these the diagnosis 
was ischemic palsy; in the 2 others there 
were glossy, stiff fingers, with burning pains 
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involving the forearm and fingers. There had 
been no direct trauma to the median nerve, 
unless pressure from tight splints on the lower 
forearm could produce such an injury. But 
for the absence of direct median nerve injury, 
the condition resembled causalgia. 


Case 1. T. G., white, male, aged 46 years. Patient 
sustained a fracture of the left radius and ulna which, 
after reduction, was immobilized in a plaster cast. 
The wrist was placed in the gooseneck position and 
the elbow was included in the cast. Within 24 hours 
the patient complained of such severe pain that the 
upper portion of the cast was removed, thereby 
freeing the elbow. There was a tremendous amount 
of oedema in the elbow region, so the remaining 
portion of the cast was split. The pain and oedema 
persisted to such a degree that 2 days later the cast 
was removed. He was hospitalized for a period of 
6 days during which time the oedema subsided. 
However, he complained of increasing pain in the re- 
gion of the wrist and in the second and third fingers, 
as well as numbness of all the fingers with loss of 
extension and flexion. He was seen by us 3 weeks 
after his initial injury, at which time he was complain- 
ing of a severe “boring” type of pain in the region 
of the wrist and of the second and third fingers, 
with inability to sleep. Examination showed the 
affected arm to be smaller than the good one; it 
was quite cold on palpation. Pulsation in the radial 
artery was apparently normal. There was a dusky 
discoloration, with evidence of definite beginning 
fibrotic changes in the soft tissues of the forearm 
and in the elbow region. There was loss of pronation 
and supination, and partial loss of ability to extend 
and flex the fingers. X-ray examinations showed 
normal callus formation at the site of the fractures. 
There was considerable absorption of the carpal 
bones and of all of the phalanges. Within 48 hours 
after beginning treatment he had complete relief 
from pain. Following this relief it was no longer 
necessary to administer any type of narcotic or 
analgesia. After being treated for 2 months physio- 
therapy measures were begun, consisting of manipu- 
lation, massage, and faradic current stimulation. He 
was able to flex and extend his fingers and wrist 
and had partial recovery of pronation and supina- 
tion. Seen 4 months after his initial injury he shows 
very little evidence of any permanent damage. 

Case 2. E. S., white, male, aged 38 years. 
Patient sustained a massive contusion of the right 
forearm following which splints were applied. Sub- 
sequent X-ray was negative for fracture, and the 
splints were removed at the end of 24 hours. During 
this time there had developed such,a tremendous 
amount of oedema of the forearm accompanied by 
such excruciating pain that hospitalization was 
necessary. He was seen by us for the first time 4 
weeks after injury. At that time he was complaining 
of severe pain along the radial side of the hand. Ex- 
amination showed evidence of fibrosis of the tendons 
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of the forearm accompanied by loss of ability of 
pronation and supination; loss of ability to flex the 
fingers, and loss of ability to extend the fingers 
except on flexion of the wrist. The hand felt cold 
on palpation. 

Following a series of treatments he had prompt 
relief of pain. When evidence of improved circula- 
tion was discerned he was given physiotherapy 
treatments consisting of manipulation and faradic 
stimulation. After 8 weeks of treatment he has 
almost complete recovery of pronation and supina- 
tion. There is also recovery of extension and flexion, 
except for the index finger which shows only partial 
recovery. The hand feels warm and the patient no 
longer complains of discomfort. 


The last 2 cases in this report were very 
similar. Both had very painful arms following 
fracture without evidence of ischemic palsy. 
The pain and burning resembled that seen in 
causalgia. The fingers were glazed and stiff, 
any motion was painful, and most of the fore- 
arm and hand motions were limited, especially 
pronation and supination. 


One of these patients was a woman 50 years old 
who had a Colles’ fracture in March, 1933, and 4 
months later suffered a fracture through the elbow 
joint. The symptoms mentioned followed the 
elbow injury. In this patient there was extensive 
cedema of the dorsal surface of the hand. After 
treatment was begun there was an early and almost 
complete disappearance of the burning and pain. 
There was gradual improvement in the condition 
of the hand and all motions improved. At the 
present time there is little disability except weakness 
which is noticed after the arm has been exercised 
for some time. 

The next patient was a white woman, aged 60 
years, who was sent in because there was a faulty 
reduction of a Colles’ fracture, and after removal 
of the cast there was a great deal of pain and burning 
in the hand, forearm, and arm. This patient carried 
the arm in partial elbow flexion and was unwilling 
to move the entire extremity because of pain. There 
was muscle and bone atrophy, marked limitation of 
all motions, and the fingers were stiff, discolored, 
smooth and painful. She was sent in to have the 
faulty reduction corrected. It was thought that 
further trauma would only increase the severity of 
her discomfort and disability, so that, in spite of the 
deformity at the wrist, this patient was treated by 
passive vascular exercise. The result was very 
prompt and most striking. Pain ceased after a few 
treatments and the arm and forearm movements 
rapidly returned. She began to flex and extend her 
fingers at the end of a week, and after 6 weeks of 
intensive treatment the only serious residual damage 
was the deformity due to the unreduced Colles’ 
fracture. 
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SURGICAL LIMITATIONS IN THE TREATMENT OF ACUTE 
SUPPURATIVE PERITONITIS' 


J. R. BUCHBINDER, M.D., F.A.C.S., Cutcaco 


American and foreign, is greater than 

that devoted to any other surgical con- 
dition, yet the high mortality of acute spread- 
ing peritonitis accompanying such lesions as 
suppurative appendicitis, postoperative con- 
tamination and leakage, and peptic perfora- 
tion, forces the recognition that very extensive 
experimental and clinical study has suggested 
no satisfactory operative attack. For approxi- 
mately 50 years method has succeeded method 
in the surgery of peritonitis. As we review the 
various types of treatment that have been 
applied over this period, it becomes evident 
that our surgical indications and treatment 
have not been governed by the pathological 
physiology of the peritoneum. Thus we know 
that drainage, with no matter what type of 
drain, in the presence of unencapsulated and 
advancing suppuration, results promptly in 
fistulization; that postural methods, based 
originally on anatomical misconceptions, do 
not materially lessen toxemia or improve 
prognosis; that lavage and irrigation with 
irritants, antiseptics, and hypertonic solutions 
not only fail to limit infection and to lessen 
spread, but actually accomplish the reverse; 
that enterostomy seldom effects more than 
the deflation of a distended loop and does very 
little for a paralytic ileus, which in turn has 
little to do with the mechanism of death; that 
in the presence of actual suppuration, spinal 
anesthesia is likewise ineffective in the control 
of ileus; that fistulizing the thoracic duct 


[os literature of acute peritonitis, both 


merely causes fatal dehydration and does not 
lessen toxemia; that the increasing advance 
of suppuration responds neither to blood 
transfusion, nor to the restoration of depleted 
blood chemistry. But it must also be admitted 
that treatment, based upon an intelligent re- 
spect for the physiology of the peritoneum, 
has made little improvement in the mortality 
statistics. It is our purpose in this discussion 
to indicate what appear to be certain basic 
errors in the clinical appraisal and pathologi- 
cal diagnosis of acute peritonitis in the light 
of experimental and clinical observation, and 
to suggest what surgical limitations are im- 
posed in the management of this disease. A 
résumé of accepted facts on the pathological 
physiology of this disease will bear repetition. 


PATHOLOGICAL PHYSIOLOGY 


Two functions of the peritoneum are of 
major importance: absorption and exuda- 
tion. Starling and Tubby, Dandy and Rown- 
tree, Clairmont and Haberer, Reschke, Kuhn, 
Hertzler, and many others have built up this 
knowledge for us. A consensus of opinion 
from the experimental standpoint indicates 
that there is active absorption from all parts 
of the peritoneum, visceral, parietal, the omen- 
tum, the cul-de-sac, and the diaphragm; that 
the open channels or stomata, described by 
von Recklinghausen, in 1863, do not exist. 
Starling and Tubby found that dyes injected 
intraperitoneally appeared in the blood be- 
fore they did in the thoracic duct. Dandy 


1From the Department of Surgery, Northwestern University Medical School. 
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and Rowntree cannulized the thoracic duct 
and urinary bladder and showed the chief 
avenue of absorption of isotonic fluids was 
the blood vessels; that absorption was equal 
in all postures, excepting pelvis down, in 
which position they found absorption in- 
creased 15 per cent—a fact for which they 
could give no explanation. They found 
phenolsulphonephthalein in the urine 4 minutes 
after intraperitoneal injection and found that 
ligation of the thoracic duct did not modify 
the time of appearance in the urine. It is 
known that crystalloids are absorbed more 
rapidly than colloids. This is particularly true 
of albuminous fluids, of which pus is an ex- 
ample. Albuminous substances and suspen- 
sions of particulate matter, while slow in ab- 
sorption, are also absorbed through the peri- 
toneal lymphatics, which in turn drain into 
the abdominal lymphatic glands and not into 
the thoracic duct. Costain, attributing the 
major réle of absorption to the lymphatics, 
suggested lymphaticostomy, but the thoracic 
duct is primarily a collecting duct for lacteals. 
Toxic absorption is greater in the normal 
peritoneum than in the inflamed membrane 
and the absorption of albuminous fluids is 
more modified by inflammation than is the 
absorption of crystalloid solutions. Absorp- 
tion is increased by peristalsis and, to some 
extent, by heat, although the latter statement 
is a debatable point. Under conditions of in- 
flammation, absorption is greater when the 
exudate is thin in consistency and small in 
volume. Bulky exudates tax the absorptive 
capacity of the peritoneum and markedly 
slow the rate of absorption on the third or 
fourth day of the disease, as can be demon- 
strated by intraperitoneal injections of hyper- 
tonic dextrose solution in a dog with diffuse 
peritonitis. 

Absorption is diminished by hypertonic 
solutions, by cold, by such substances as 
glycerin, olive oil, collodion, adrenalin, and 
ascitic fluid. It is also diminished by disten- 
tion and by fibrin. The function of fibrin in 
slowing absorption explains the subsidence of 
toxic reaction in the presence of localization. 
Even crystalloids are slowly absorbed from 
fibrin-coated peritoneum. This would seem 
to suggest the association of virulent infection 


and watery, thin exudates. Experimentally, 
we (2) noted that the streptococcus usually 
predominates in such exudates. The rate of 
absorption is markedly diminished in the 
later stages of a peritonitis, notably after the 
third or fourth day. 

The typical peritoneal response to inflam- 
mation is exudation; normally serous, peri- 
toneal secretion rapidly shows fibrin in the 
presence of irritation. Yates stated that rela- 
tive encapsulation of a drain was immediate. 
In an experimental study we (2) were able to 
demonstrate fibrin in the presence of a drain 
within an hour and to prevent its formation 
under the same conditions for 72 hours by the 
repeated intraperitoneal injections of hyper- 
tonic (20 per cent) dextrose solution. Experi- 
mental and clinical observation has shown 
that the maximum fibrin formation occurs in 
the presence of moderate degrees of inflam- 
mation, and that it may be completely absent 
in the presence of virulent infection, such as is 
produced by the streptococcus. We were able 
to show experimentally that while virulent in- 
fections may not evoke fibrin formation, that 
a foreign body, such as a drain, always will. 
Cubbins, in an experimental study of the 
normal peritoneum, showed that no substance, 
however bland or sterile, could be introduced 
without evoking fibrin masses; that sterile 
vaseline was as provocative of adhesions as 
tincture of iodine. 

In an interesting experimental study on the 
mechanism of death in diffuse peritonitis, 
Steinberg concludes that death is caused by 
toxins from bacteria in the peritoneum; that 
intestinal paralysis, stasis, and bacteria play 
no part. With the idea of slowing resorption, 
Kuhn injected 50 per cent dextrose solution 
intraperitoneally in amounts equal to 1 per 
cent of the body weight in both dogs and in 
man. He overlooked the fact that the marked 
dilution of the inflammatory exudate resulting 
thereby materially lessened or prevented the 
formation of fibrin, the most important single 
factor inhibiting, or at least lessening ab- 
sorption. In our own experimental work, we 
found that intraperitoneal injection of hyper- 
tonic dextrose solution in dogs suffering from 
diffuse peritonitis shortened the life expect- 
ancy of the animal by 50 per cent. We also 
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noted that the active absorptive capacity of 
the peritoneum was maintained, as was shown 
by the disappearance of sugar from the exu- 
date at autopsy. It was also our observation 
that hypertonic dextrose solution markedly 
increased the rate of diffusion of infection. 


RELATION OF CLINICAL PICTURE TO 
PATHOLOGY 


That there is frequently a basic error in 
the clinical appraisal and pathological diag- 
nosis, especially in cases of acute spreading 
and acute diffuse peritonitis, is evident from 
a study of clinical reports on cures of so called 
“general” peritonitis. The clinical signs by 
which we diagnose an advancing infection of 
the peritoneum will usually not serve to de- 
fine its extent. At operation we are rarely 
justified in attempting to determine the ex- 
tent of infection by exposing and exploring 
uninvolved portions of the abdomen. Experi- 
mentally, we have found a copious exudate, 
forced probably by peristalsis, to regions show- 
ing no gross inflammatory changes, a fact that 
has led us to believe that gravity is not a 
major factor in the extension of the disease. 
Tenderness in the abdominal wall extends far 
beyond the actual zone of involvement in 
spreading peritonitis; this is commonly re- 
sponsible for error in judging the extent of 
peritoneal involvement. In a localized process 
the zone of tenderness extends very little be- 
yond the actual border of peritoneal involve- 
ment. Clinically, we have drained an abscess, 
3 weeks after perforation of a peptic ulcer, 
that occupied a large part of the left sagittal 
half of the peritoneum, so extensive in size as 
to crowd much of the small bowel through 
the right half of the abdomen. Two liters of 
pus was removed from this abscess, yet in 
spite of extensive involvement, the picture 
was essentially that of abscess and not of 
spreading infection. 

A differential diagnosis between a localizing 
and a diffuse process is more readily made than 
between a diffuse process and a generalized 
one. The markedly lessened toxic reaction 
that accompanies fibrin mobilization, the 
usual absence of ileus and a more sharply 
demarcated zone of tenderness are differentiat- 
ing features. Ileus, thready pulse, and vomit- 


ing are associated with a diffusing process. 
Those patients who recover from such a 
clinical course are often classified as recoveries 
from general peritonitis. In our opinion, the 
term “general peritonitis” is a misnomer and 
in most instances should be restricted to 
patients who are moribund, or who obviously 
cannot recover. 
DRAINAGE 

In considering the problems involved in 
peritoneal drainage the point that is frequent- 
ly lost sight of is the difference in the reaction 
to drains of the diffuse and localized types of 
infection. Writers far too numerous to quote 
have shown the inefficacy of drainage in 
spreading and diffuse peritonitis. It is neces- 
sary to emphasize, however, that peritoneal 
abscess always requires drainage. The reason 
for this fact lies in the fundamental patho- 
logical difference between an abscess and a 
spreading infection. The peritoneal surfaces 
that make up an abscess have lost the power 
of movement, and are covered with fibrin, are 
cedematous, and more or less inelastic. The 
capacity for encapsulation has been lost by 
previous plastic fixation, and proper drainage 
material not only functions as such, but serves 
to prevent re-accumulation. We have noted 
in experimental animals that fibrin does not 
cling to a drain inserted into an abscess. It 
may plug the opening or fenestrations in a 
tube, but the latter will not fistulize unless 
left in until granulations cover it. This state- 
ment holds true, regardless of the size of the 
abscess, because the functions of exudation 
and absorption virtually cease in the presence 
of a well defined deposit of fibrin. 

In the light of definite experimental and 
clinical data discussed here, it should be easy 
to dispose of the problem of drainage in diffuse 
peritonitis by stating that this condition 
should never be subjected to drains. If we are 
dealing with an unquestioned diffuse process, 
in which the small bowel and omentum 
can be observed without undue handling to 
be mobile, we can definitely omit drainage. 
But within the limits of some incisions this 
cannot always be determined with certainty, 
since encapsulation about a septic focus may 
precede pus accumulation. We believe that 
an area of definite encapsulation, even though 
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there be no purulent accumulation in the en- 
capsulated area, should be regarded as a po- 
tential abscess and drained. On the other 
hand, too frequently unencapsulated accum- 
ulations of pus are regarded as local processes 
and drained. A typical example of such an 
error is that of a phlegmonous appendix, 
accompanied by the gravitation of unencap- 
sulated pus into the pelvis; or a spreading 
infection accompanying such an appendix, in 
which a copious purulent exudate wells up 
between loops of freely mobile small bowel. 
It was for such a condition that surgeons of a 
generation ago made multiple stab wounds 
and put rubber tubes or gauze strips into each 
wound. 

In experimental animals we have been im- 
pressed not so much by the inefficacy of drains 
lying between mobile loops of small bowel, as 
by the actual serious damage resulting there- 
from. First of all it is utterly impossible in a 
patient to determine the patency of a drain. 
Perhaps gauze is an exception to this state- 
ment, because the meshes throughout its con- 
tact with peritoneal surfaces always fill with 
fibrin and granulations, but a drain of rubber 
tissue, the ideal type for use in contact with 
the peritoneum, may appear and feel to be 
free and unencapsulated. The fallacy of such 
a supposition is shown in the experimental 
animal, where it can be demonstrated that 
only partial encapsulation is the rule, but 
that this encapsulation, even if slight, nulli- 
fies the function of the drain. In this connec- 
tion it is interesting to note that openings and 
fenestrations in rubber tubes become more 
quickly adherent and plugged than do the 
walls of the tube. This is particularly true if 
the tube should lie in the vicinity of unat- 
tached omentum. 

It has been our observation at autopsies 
upon patients who had died from widespread 
peritonitis, within a few hours to a day or so 
after a last desperate attempt had been made 
to save them by hasty incision and drainage. 
that there was encapsulation of the drain and 
not about the septic focus. Duplicating such 
conditions in dogs, we found that, in animals 
within 6 hours of death, in one instance 2 
hours, where no agglutination of loops or 
omentum had occurred, the drain was suffi- 
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ciently encapsulated to prevent its functic 
ing as such. We saw this sufficiently often 
feel that the peritoneum is at all times mon 
capable of isolating a drain than an inflam. 
matory focus. The more fibrinous the exu- 
date, paradoxical as it may seem, the less 
likely will there be encapsulation of the drain, 
The most striking experimental proof of this 
statement is the prompt encapsulation of a 
soft rubber: drain in a copious watery thin 
and virtually fibrin free exudate. 

Experimentally, the damage most uniform. 
ly evoked by drainage is residual abscess. 
The reason for residual abscess about a drain 
is that richness of fibrin deposit about a 
foreign body produces conditions favorable 
to purulent accumulations. Furthermore, 
when a drain was inserted in such a way as 
to cross a zone of spread into unaffected loops, 
the latter became more rapidly involved by 
the inflammatory process than any other 
area. From clinical observation we are in- 
clined to believe that a residual abscess form- 
ing as the result of a drain is less likely to dis- 
appear spontaneously than such an abscess 
as forms in the absence of a drain. The gradu- 
al absorption of an abscess in an unopened 
abdomen is an example of the latter condition. 
It seems likely that pus accumulations, when 
encapsulated, may remain for a far greater 
length of time than we suspect. We have 
found pus in the peritoneum of apparently 
healthy dogs as long as 100 days. 

Exudates that form rapidly are accom- 
panied by rapid toxin absorption. The in- 
creased capacity of the peritoneum for ab- 
sorption in the early stage of the disease has 
been mentioned. It would seem, therefore. 
that the removal of such exudate at the time 
of operation is important. When large accum- 
ulations of exudate are present, such as occur 
in peptic perforation and in diffuse suppura- 
tion, following gangrenous or phlegmonous 
appendicitis, the removal of the major part o/ 
the exudate undoubtedly lessens toxic re- 
action and also lessens the tendency to resid- 
ual abscess formation. 

A large accumulation of exudate will often 
be found above the liver in peptic perforation 
and will pour out when the liver is depressed 
by the hand. In some instances postopera- 
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se subphrenic abscess can be traced to such 
, overlooked accumulation. Pelvic abscess, 
jollowing drainage of diffuse appendiceal 
peritonitis, has been observed many times, a 
week or more after the removal of a drain. 


SURGICAL LIMITATIONS 


It would seem from the foregoing that the 
operative therapy of spreading peritonitis is 
limited to the removal or closure of a septic 
focus, aspiration of the exudate, and closure 
of the peritoneum without drainage. It is, of 
course, necessary that the abdominal wound 
above the serosa be drained. In our experi- 
mental peritonitis we (3) produced a so called 
lethal standard of diffuse peritonitis by means 
of an open loop of ileum that had a mortality 
of go per cent, with a life expectancy averag- 
ing 4 days. When we removed the septic loop 
at the end of 24 hours, the mortality was re- 
duced to 58 per cent. This was a severe test, 
because we were dealing with a perforative 
peritonitis from the terminal ileum. The two 
closest analogies to this experimental situation 
are progressive diffuse appendiceal peritonitis 
and leakage from an intestinal suture line. An 
appendix is occasionally permitted to “cool 
off” before operative attack. We believe that 
only a subsiding abscess should so be left alone 
andonly so long as the abdomen, temperature, 
and pulse suggest definite localization. At 
any time during the stage of spread or ad- 
vance, the appendix, as a source of contam- 
ination, should be removed. It has been 
argued that operation during a spreading 
peritonitis increases the rate of spread and 
the area of contamination. Both our experi- 
mental and clinical observations are opposed 
to this opinion. 

Postoperative spreading peritonitis, partic- 
ularly when the source is the intestinal tract, is 
nearly always a catastrophe, yet there is both 
justification and indication to invade the 
operative field early in the event of serious 
soiling. The obvious difficulty, of course, is 
that of diagnosis. While all postoperative dis- 
tention or ileus, accompanied by nausea and 
vomiting, indicates peritoneal reaction, when 
a mounting temperature and particularly a 
rapidly mounting and persistently high pulse 
are present, we believe it preferable promptly 
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to re-open the abdomen, rather than to wait. 
It does not require a general peritonitis, or 
even a widespread lesion, to cause death. It 
is obvious, therefore, that prompt differentia- 
tion between serious soiling with infection and 
ileus without gross soiling must be made. 

Quite in contrast to the line of attack in 
postoperative diffuse peritonitis, are the indi- 
cations in postoperative peritoneal abscess. 
It is seldom advisable to attack the abscess 
until it is of sufficient size to assure both com- 
plete walling off and indications of its location 
and parietal relationships. Notable excep- 
tions are the subphrenic and pelvic abscesses. 

Experimental workers are familiar with the 
fact that dogs will frequently show no dis- 
cernible reaction to the intraperitoneal injec- 
tions of cultures or suspensions of living 
pathogenic organisms, such as the colon 
bacillus, staphylococcus, and streptococcus. 
On the other hand, a freshly localizing infec- 
tion possesses a particular virulence for the 
uninvolved peritoneum. The inexperienced 
and unskilled finger has produced many 
deaths in such situations, and if there is any 
one fact that will bear repetition it is that 
fresh fibrinous adhesions should be regarded 
as inviolate. The shortest extraperitoneal 
route must be made the drainage pathway; 
for example, by making a muscle splitting 
incision close to the spine of the ileum, a pus 
distended appendix can be delivered from a 
walled off abscess without the prolapse of a 
loop of small bowel, an accident that may 
spell disaster. Since seldom does small bowel 
make up the wall of an appendiceal abscess, 
its presence in the field in such a condition 
should be regarded as a technical accident. 
A pelvic gravitation abscess impinging upon 
the rectum can be drained, with far greater 
safety, rectally than by pushing the finger 
along the old drainage tract. A subphrenic 
abscess to the right of the falciform ligament, 
as most of them fortunately are, can be 
drained extraperitoneally by the very satis- 
factory method suggested by Nather and 
Ochsner. 

Several times we have found that X-ray 
films offer considerable help in demonstrating 
residual abscess in atypical locations, such, 
for instance, as the left subdiaphragmatic 
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area; between the ascending colon and the ab- _ pendix, or closure of a postoperative leakage, 
dominal wall; and between the omentum and __ followed by aspiration of the major portion of 
the anterior abdominal wall. When such ab-_ the exudate, represents the surgical limita- 
scesses can be so accurately located, direct tions in the treatment of this disease. 

extraperitoneal attack is simplified. 


SUMMARY 
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DAVID: TREATMENT OF CARCINOMA AT THE RECTOSIGMOID JUNCTION §$ 4o1 


THE TREATMENT OF CARCINOMA AT .THE RECTOSIGMOID 
JUNCTION BY OBSTRUCTION RESECTION 


VERNON C. DAVID, M.D., F.A.C.S., Cutcaco 


ANY variable factors influence to a 
VI marked degree the treatment of car- 
cinoma at the rectosigmoid. It is 
generally accepted that in obstruction of 
the bowel, which occurs relatively early in 
cancer at this site, relief of the obstruction 
should precede any operative attack on the 
lesion. The general condition of the patient, 
particularly cardiovascular efficiency, obesity, 
the length of the mesentery of the sigmoid, 
the involvement of the lymphatics by car- 
cinoma, the size of the tumor, other pelvic 
pathology, as pelvic adhesions from divertic- 
ulitis, and the individual preference of the 
surgeon for one type of operation or another, 
all lead to varying technical procedures. 
The aim of all radical operations for cancer 
obviously demands not only the adequate 
removal of the growth, but also the regional 
lymphatics which drain the involved region. 
The lymphatics of the rectosigmoid drain 
into intermediate nodes in the mesentery, but 
also directly as well as indirectly to the nodes 
along the inferior mesenteric artery which in 
turn drain into the lumbar nodes along the 
aorta. In general, the lymphatic drainage is 
upward. Villemin, Huard, and Montague 
after a study of the lymphatics of this re- 
gion by the injection method of Gerota, 
believe, that the portion of the rectum above 
the third valve of Huston is essentially up- 
ward. The involvement of lymphatics by 
pathological processes, however, may not en- 
tirely correspond to the findings obtained by 
injection methods and therefore the com- 
munication of the lymphatics from the recto- 
sigmoid with those of the upper rectum is 
possible and most surgical procedures have 
been based on the necessity of resecting the 
entire rectum with its lymphatics when the 
rectosigmoid is involved in carcinoma. This 
procedure is sound and radical and implies the 
division of the inferior mesenteric artery below 
the first sigmoid branch, with a removal of all 
of the lymphatics along that artery as well as 


the lymph nodes in the mesentery of the rec- 
tosigmoid and rectum. A permanent end 
colostomy is necessary. Of these operations 
the one stage abdominal perineal operation 
championed especially by Miles, Schmieden, 
and Jones, is the most radical and answers 
all of the indications. The only objections are 
due to the contra-indications for its use in 
very fat patients or in those whose general 
condition would not justify the risk. This 
factor is somewhat personal, depending largely 
on the experience of the surgeon and his judg- 
ment as to what risk he can reasonably take. 

For those patients not suited for various 
reasons to the one stage procedure, a number 
of variations of the two stage abdominal 
perineal procedure have been suggested. The 
operation suggested by Daniel Jones has 
much to recommend it (Fig. 1). At the first 
stage the lower sigmoid, rectosigmoid, and 
rectum are freely mobilized by division of the 
peritoneum on the lateral and medial sides 
and between the rectum and bladder. The 
rectum is separated from the bladder and 
hollow of the sacrum down to the sacro- 
coccygeal junction. This posterior dissection 
is behind the superior hemorrhoidal vessels 
which are not divided. The inferior mesenteric 
artery is divided high up below the first 
sigmoid branch which allows the circulation 
of the bowel to be carried on through the 
anastomotic loops between the sigmoid and 
hemorrhoidal arteries. Flaps of peritoneum 
from the cul-de-sac and broad ligaments are 
formed and the tumor is extraperitonealized. 
A loop colostomy is made in the midline 
incision or through a separate incision. At 
the second stage the bowel is removed extra- 
peritoneally from below. The advantage of 
this operation is its radicability without the 
necessity of opening the bowel at the first 
operation. The disadvantage would be the 
possible insufficiency of collateral circulation 
with death of some part of the bowel and 
consequent infection. 


. 
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Fig. 1. Jones two stage procedure. At first stage, mobili- 
zation above. Ligation of inferior mesenteric artery below 
first sigmoid branch. Extraperitonealization of growth. 
Mobilization of pelvic peritoneum and suture of it well 
above growth. At second stage, removal of rectum from 
below. (Courtesy Dr. Frank H. Lahey, Surg., Gynec. & 
Obst., November, 1930.) 


Other multiple stage operations have been 
proposed where the bowel is divided at the 
first operation. After mobilization of the 
bowel, Coffey ligates and divides the inferior 
mesenteric, divides the bowel above the 
growth, and telescopes the closed end of the 
distal segment through the tumor until it 
may be pulled out of the anus. An end 
colostomy is made with the proximal end of 
the divided bowel. The distal segment con- 
taining the tumor is extraperitonealized by 
suture of the peritoneum of the cul-de-sac so 
that a tube may be placed extraperitoneally 
through the lower end of the abdominal 
incision to the lower segment of bowel. The 
disadvantages of this operation are the 
inability to telescope the distal end of the 
bowel through the narrowed lumen of the 
bowel at the site of the tumor and the serious 
danger of pelvic cellulitis from death of the 
lower segment before the second stage of the 
operation is performed from below. 

Another two stage procedure has been 
proposed by Rankin (Fig. 2). He divides the 
sigmoid above the growth, closes the distal 
end of the bowel and drops it back without 
dividing the blood supply to the bowel. The 
proximal end is used for an end colostomy. At 
the second stage, the rectum is freed from 
below, is surrounded by a sterile glove, and 
then the abdomen is opened and the abdom- 


inal portion of the operation is carried out 
with freeing and removal of the abdominal 
portion of the bowel and reformation of the 
pelvic peritoneal floor. The advantage of not 
opening the bowel at the second stage is 
obvious, but the magnitude of the second 
operation is still great. Some risk also exists 
of leakage from the closed distal loop dropped 
back into the peritoneum. I have lost a 
patient from such leakage. 

In 1930, Lahey proposed another procedure, 
based on the division of the bowel and mesen- 
tery above the tumor after its free mobiliza- 
tion but without division of the inferior 
mesenteric and hemorrhoidal arteries. The 
end of the distal loop is brought out through 
the lower end of the abdominal incision and 
the clamp closing the bowel subsequently 
released so that between stages the lower seg- 
ment containing the tumor can be irrigated 
and cleansed (Fig. 3). The proximal cut end 
of the bowel is brought out through a left 
muscle splitting incision for a permanent 
colostomy. At the second stage the open end 
of the distal stump is mobilized and closed; 
a laparotomy is performed and an abdomino- 
perineal resection is carried out. The advan- 
tages are the wait between the first and second 
stages with proper preparation of the distal 
loop by irrigation and the lack of danger of 
infection of the peritoneum. The operation is 
hard to do in fat people with a short mesorec- 
tum and has the disadvantage of a difficult 
second stage operation. 

I should like to propose and describe 
another operation for carcinoma at the recto- 
sigmoid less radical and therefore suitable for 
use in a limited number of patients but having 
the advantage of removal of the growth and 
adjacent lymphatics with final restoration of 
continuity of the bowel. This operation is ap- 
plicable to certain cases where the growth is 
small and where after dividing the lateral and 
medial peritoneal layers and coming on to the 
vessels and lymphatics in the mesentery, 
no lymphatic glands are palpated along the 
inferior mesenteric artery, and if any are felt 
in the mesentery of the bowel, they are 
adjacent to the growth itself. This situation, 
as far as growth and glandular involvement are 
concerned, may occur in a patient who is in 


DAV. 


Fig 
first 
 stal 
W. R: 


ho fi 
peril 
pati 
colo: 
of cé 
lesio 
nant 
conc 
is in 
the | 
ated 
is m 
tion 
and 
dete 
A 
mid 
mac 
sign 
sign 
carr 
sac 


Int.MesA. 
WSN 
wf 
— 


DAVID: TREATMENT OF CARCINOMA AT THE RECTOSIGMOID JUNCTION 


y / if Distal end 


Fig. 2. Rankin two stage resection of rectosigmoid. At 
| st stage the sigmoid is divided above the growth, the 
( stal end closed and dropped back into the peritoneum 
\thout dividing the blood supply. (Courtesy Dr. Fred 
\\. Rankin, Surg., Gynec. & Obst., November, 1931.) 


10 fit general condition to have an abdomino- 
perineal operation in stages, or may be in a 
patient who flatly refuses to have a permanent 
colostomy. There are also a limited number 
of cases in which it is not certain whether the 
lesion at the rectosigmoid is benign or malig- 
nant. It is therefore under this unusual set of 
conditions that the operation to be described, 
is indicated. Not only are the indications for 
the operation limited for reasons just enumer- 
ated but also on anatomical grounds, and it 
is my feeling, before a definite type of opera- 
tion is decided upon, that the local pathology 
and anatomical relations must be carefully 
determined. 

Assuming that in Trendelenburg position a 
midline or left pararectus incision has been 
made and the lesion disclosed at the recto- 
sigmoid: the left leaf of the mesentery of the 
sigmoid and rectum is opened and the incision 
carried forward at the lower end of the cul-de- 
sac between the bladder and rectum to join 
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Fig. 3. Lahey two stage resection of rectosigmoid. At 
first stage the bowel and its mesentery are divided above the 
growth. The proximal end of the bowel is used for an end 
colostomy. The cut distal end of the bowel is brought 
out through the lower end of the abdominal incision. 
(Courtesy Dr. Frank H. Lahey, Surg., Gynec. & Obst., 
November, 1930.) 


another incision through the peritoneum on 
the medial surface of the mesosigmoid and 
mesorectum (Fig. 4, a). The bowel is now 
pulled toward the median line, marked by 
mobilizing the bowel at this site, and the 
medial incision in the mesosigmoid and meso- 
rectum is opened by blunt dissection so that 
the vessels and lymphatics come plainly into 
view. If there is no suspicious involvement of 
the glands along the inferior mesenteric 
artery and the liver is free from metastases, a 
further effort may be made to determine 
whether resection is feasible with eventual 
establishment of continuity of the bowel. The 
rectum is next freed from the bladder and its 
lateral attachments by blunt dissection. The 
hand is then slipped beneath the bowel behind 
the superior hemorrhoidal vessels and the 
rectum carefully freed from the hollow of the 
sacrum. After these maneuvers have been 
carried out it is now possible in suitable cases 
to lift the bowel containing the growth well 
out of the pelvis for about 3 to 4 inches higher 
than its former position, and in so doing, it 
will be seen that the bowel will be devoid of 
peritoneum in the depth of the cul-de-sac for 
a distance of 3 to 4 inches in length. If we 
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Pathology 


Fig. 4. Proposed resection of rectosigmoid. a, Sigmoid and rectum mobilized but 


Peritoneal incision 
mobilize bowel 


“Prominence 


of Sacrum 


\ Mobilized peri- 
toneum of cul- 
de-sac sutured 


e 
Anterior parietal 
peritonearn mobilized 


cutting lateral and median peritoneal attachment of bowel. b, Triangle of mesentery 
of rectosigmoid lifted up with bowel. Rectum freed from hollow of sacrum, bladder, 
and prostate. Superior hemorrhoidal artery not divided. Pelvic peritoneum freely 
mobilized. c, Rectosigmoid now can be lifted out of abdomen. Mobilized peritoneum 
of cul-de-sac and pelvis elevated and sutured to bowel. Effect is to eliminate cul-de- 


proceed with the operation in mind it will be 
necessary (1) to remove the growth with the 
mesorectum and arteries in the arcade supply- 
ing it, down to, but not including, the inferior 
mesenteric and superior hemorrhoidal ar- 
teries (Fig. 4, b), (2) to have left 2 to 3 
inches of peritonealized bowel beneath the 
proposed site of resection, (3) to cover the 
denuded deperitonealized bowel in the depth 
of the cul-de-sac (Fig. 4, c), and (4) to have a 
large enough sigmoid loop to swing around 
and sew to the peritoneum covered rectum 
for a future anastomosis between the two 
portions of bowel. If any of these postulates 


sac. , Anterior parietal peritoneum mobilized. 


are not feasible of performance, the procedure 
under discussion should be abandoned. li 
conditions are favorable it is very easy to 
raise the peritoneum on either side of the 
cul-de-sac and sew it to a higher level on t» 
the peritoneum of the rectum (Fig. 4, c. 
This practically obliterates the cul-de-sa: 
and peritonealizes that portion of the bow: | 
which has been drawn upward into th: 
abdomen from below the cul-de-sac. Th: 
mesentery of the bowel about to be resecte | 
is divided in the usual way, the apex of th: 
resection being slightly above the promontor ’ 
of the sacrum. A site of resection on th: 
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sigmoid loop is then selected and the area 
jist proximal to this is swung medially so 
(at it comes in contact with the rectum at a 
, oint below the site of proposed division of the 

ctum. The sigmoid and rectum are now 
cked together for 1 to 2 inches by inter- 
ipted stitches along the longitudinal muscle 
undle. The next step is important because it 
akes the point of division of the bowel extra- 
‘ritoneal. The anterior parietal peritoneum of 
1e abdominal incision is separated from the 
cuscles by blunt dissection so that on both 
des of the abdominal incision the peritoneum 
lls without tension to the posterior parietal 
eritoneum on both sides of the bowel (Fig. 
_c). At this area the cul-de-sac is practically 
pliterated by suture of the anterior parietal 
eritoneum to the posterior parietal peri- 
meum and the proposed site of resection of 
ae two loops of bowel is therefore extra- 
eritoneal (Fig. 5). At this point the remain- 
er of the operation is carried out by obstruc- 
ive resection as described by Rankin. Payr 
lamps are placed on the bowel below the 
crowth and on the sigmoid above it, both 
lamps being just proximal to the suture of 
he rectum and sigmoid previously carried 
put. 

The abdominal wall is closed in layers 
below the clamps around the bowel and the 
‘umor containing the bowel is removed by 
cautery above the Payr clamps. Strips of 
iodoform gauze are carefully tucked in be- 
tween the bowel and the abdominal wall to 
create enough tissue reaction to prevent 
spreading infection when the clamps are 
removed. Varying Rankin’s technique, we 
remove the clamps the next day and immedi- 
ately apply a spur crushing clamp to enlarge 
materially the opening between the afferent 
and efferent loops of bowel. It is this particu- 
lar step of the operation that in our opinion 
makes this operation much more useful in its 
final result than an end-to-end anastomosis 
of the bowel which at this area is difficult to 
do and which is very apt to break down. This 
means infection, scar tissue, retraction of the 
rectal and sigmoid loops, and resulting narrow 
lumen at the attempted site of anastomosis. 
After application of the spur crushing clamp 


Ant. parietal 
peritoneum 


parietal 
toneum 


/ 
r 


/ 
Post. 
Deperitonized rectum 


Fig. 5. Lateral view showing afferent and efferent loops 
of bowel brought together after removal of the tumor. 
Peritoneum of cul-de-sac elevated to meet mobilized 
anterior parietal peritoneum, making point of resection of 
the bowel extraperitoneal. Spur crushing clamp in place. 
At a later date bowel continuity is re-established. 


nothing is done to re-establish continuity for 
3 months. If bowel continuity has not been 
accomplished in that time a second operation 
under local anesthesia is done, the ends of the 
bowel mobilized where they are not in union, 
and a three layer suture carried out. 

We have performed this operation only 
eight times in 10 years but in those cases in 
which it has been done we have had no 
operative deaths and no local recurrence, and 
one 75 year old patient is alive and well 914 
years from the time of her operation; 1 
patient is well 5 years; 1 patient 31% years. 
Three are dead of general metastases in liver 
and lungs, and the 2 others are alive and 
without recurrence but the operations were 
done in the past 2 years. 

It is, of course, open to question whether 
any operation for cancer should optionally be 
done that in any way varies from the utmost 
radicability. Personally I believe that there 
are instances in carcinoma of the recto- 
sigmoid in which this type of less radical 
procedure is indicated, always keeping in 
mind that the end-results of any operation 
for cancer speak with the greatest authority. 
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vails that purposeful occlusion of a 

healthy vein by ligature is a useful 
method for the prevention of gangrene due to 
the obstruction of large arteries, some investi- 
gators have expressed a doubt as to the value 
of this procedure. Also, surgeons are prone to 
employ the method as a routine procedure 
rather than to use it for a particular set of 
conditions not frequently encountered. The 
fundamental problem, therefore, in determin- 
ing the therapeutic value of the “simultaneous 
ligation of a vein” is: first, to determine 
whether this procedure will under any condi- 
tions influence favorably the incidence of 
gangrene after arterial occlusion; and, second, 
to determine, if possible, the exact conditions 
which constitute the indication for its em- 
ployment. 

The conditions attending the employment 
of ‘simultaneous ligature”’ of veins in clinical 
surgery are so complex and are so infrequently 
observed by one individual, that the effects 
due solely to this procedure are difficult to 
determine. Fortunately, however, the prob- 
lems associated with this procedure would 
seem to be particularly suitable for solution by 
animal experimentation. Experimental evi- 
dence thus far submitted is conflicting. It is 
the purpose of this paper to deal only with the 
results obtained from experimental studies. 

The first significant experimental study of 
the effect of simultaneous ligation of veins on 
the incidence of gangrene following arterial 
occlusion was that of Brooks and Martin (1). 
In this experimental study 3 phases of the 
problem were particularly investigated. 

1. Using the temperature of the tissues as 
a criterion of volume flow of blood through 
the tissues, we found that ligation of the con- 
comitant vein produces a further decrease in 
blood flow than that which had followed ob- 
struction of the artery. 


gesagt the opinion generally pre- 
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SIMULTANEOUS VEIN LIGATION 


AN EXPERIMENTAL STUDY OF THE EFFECT OF LIGATION OF THE CONCOMITANT VEIN ON THE INCIDENC » 
oF GANGRENE FOLLOWING ARTERIAL OBSTRUCTION ! 


BARNEY BROOKS, M.D., GEORGE S. JOHNSON, M.D., ano JAMES A. KIRTLEY, Jr., NASHVILLE, TENNESSE 


‘From the Department of Surgery, Vanderbilt University 


2. Ligation of the concomitant vein cause: 
an increase in the intravascular pressure in al! 
the vessels in which the pressure had been 
previously diminished by ligature of the 
artery. 

3. Ligation of the right common and righ‘ 
external iliac artery in 21 rabbits was followe« 
by gangrene of the extremity in 15 instances 
(71.5 per cent). The same ligation of arteries 
with ligation of the right common iliac vein in 
18 rabbits was followed by gangrene of the 
extremity in 6 instances (33.3 per cent). 

Since the publication of this experimental 
study by Brooks and Martin, the effects oi 
simultaneous ligation of the veins upon the 
blood pressure and blood flow in the vessels 
distal to the point of ligation have been 
confirmed by Pearse, Montgomery, and 
Wilson. Holman and Edwards confirmed 
the results obtained by Brooks and Martin as 
concerning the effect of simultaneous ligation 
of the vein on blood pressure, but believed the 
volume flow of blood was increased. The 
method employed by Holman has been crit- 
icized by Brooks (2), Mulvihill, Harvey 
and Doroszka, and Wilson, and these in- 
vestigators have shown that the results ob- 
tained by Holman and Edwards were evidence 
for diminution rather than augmentation oi 
the volume flow of blood. 

The experiments described by Brooks and 
Martin in which the effect of simultaneous 
ligation of the concomitant vein on the in- 
cidence of gangrene was determined have re- 
cently been repeated by Wilson, whose results 
are contrary to those obtained by Brooks anc 
Martin. Wilson performed a larger number 0! 
experiments than Brooks and Martin anc 
found that the incidence of gangrene was not 
changed by simultaneous ligation of the con. 
comitant vein. This publication of Wilson’: 
has brought about an extraordinary clarifica 
tion of the entire question of the effectiveness 
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TABLE 
A B 
Arteries Arteries 
alone and vein 
ligated ligated 


Number Number 
‘tal number of experiments 100 100 


Percent Per cent 
: ght muscle or temperature changes... 3; 56 
mplete paralysis 
| cal gangrene 
.te ulceration 
ontracture 


the procedure designated as “‘simultaneous 

ration of the vein” because it, so to speak, 

its the question back to the beginning by 

anging the problem from one of how an 

fect is produced to whether the effect is 
 oduced. 

It is worth while calling attention to an 

consistency which exists in Wilson’s publi- 

ition between the statement that simul- 
neous ligation of veins influences the amount 
_| diminution in volume flow and may in- 
uence intravascular pressure after arterial 
struction, and the assertion that this same 
‘multaneous ligation of veins does not in- 
‘uence the incidence of gangrene, nor the 
everity nor the distribution of muscle necro- 
sis after arterial occlusion. I believe it would 
he universally admitted that diminution in 
the volume flow of blood and a decrease in 
the intravascular pressure are the primordial 
effects of arterial obstruction, and that these 
effects are, so to speak, the sole and proximate 
cause of the necrosis which follows. From 
this it would seem as if the conclusion were in- 
evitable that any effective influence which 
were brought to bear upon the quantity of 
change in either the volume flow of blood or 
the intravascular pressure must influence in 
one way or another the incidence of gangrene, 
unless it were assumed that there was always 
an exact balance of the favorable influence 
of the change in one and the unfavorable in- 
fluence of an obligate change in the other. 

The purpose of this paper is to report the 
results obtained from a more frequent repeti- 
tion of the experiments originally described 
by Brooks and Martin. 

Rabbits were used as the experimental 
animals. An attempt was made to repeat in 


Fig. 1. Drawing illustrating sites of application of liga- 
tures to artery and vein. 


each experiment as nearly as possible the 
same operative procedure. The abdomen was 
opened in the midline. The terminal aorta 
was located. The division of the common iliac 
artery was identified. The external iliac 
artery was exposed and ligated just distal to 


the origin of the hypogastric artery. Expos- 
ure of this vessel also exposed the common 
iliac vein. In the experiments in which the 
vein was ligated the ligature was applied to 
the vein at this time. Ligature was then 
applied to the common iliac artery just 
proximal to the origin of the hypogastric 
artery. Thus in each experiment with or 
without ligation of the vein, the same opera- 
tive exposure was used. Fine silk thread was 
used in all experiments for the ligatures. 
Sufficient care was used to feel confident that 
the artery or vein was always occluded. (Note 
this method of ligature is the same as in the 
experiments of Brooks and Martin but dif- 
ferent from that of Wilson, who employed 2 
ligatures with division of the artery between. ) 
The sites of the ligatures are shown in Figure 1. 

After operation the animals were carefully 
observed each day until death, or the de- 
velopment of obvious gangrene, or until a 
period of 10 days had elapsed. All the animals 
which lived longer than 10 days were observed 
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Fig. 2. Roentgenogram of arteries injected with barium 
sulphate 5 days after ligation of right common and external 
iliac arteries and common iliac vein. The animal showed 
complete paralysis of the right extremity. Note oblitera- 
tion of the artery at the site of ligation and injection of the 
arterial tree distal to point of ligation through collateral 
circulatory bed. (Compare with Fig. 3.) 


twice each week in order to determine the 
nature and extent of the “late” effects of 
arterial obstruction such as ulceration or con- 
tractures. All animals were carefully ex- 
amined at autopsy. 

In 107 experiments the arteries alone were 
ligated. Both the artery and vein were ligated 
in 113 experiments. The results obtained 
showed a striking difference in the incidence 
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of gangrene which followed ligation of thi 
artery alone and that occurring after the liga 
tion of both artery and vein. In each series 0: 
experiments there were at least a considerabk 
number of animals which died too soon afte: 
operation for the development of the unmis 
takable evidence of gangrene. But each series 
contains 100 instances of observations on 
animals which lived long enough for there tc 
be no doubt about the presence or absence o} 
gangrene. A summary of the results obtained 
in only those experiments in which it seemed 
there was no doubt about the presence or 
absence of gangrene is shown in Table I. This 
table shows that ligation of the common and 
external iliac arteries in 100 rabbits was fol- 
lowed by necrosis of a sufficient amount oi 
tissue to be apparent on gross examination 
in 46 instances, and that ligation of the com- 
mon and external iliac arteries with simul- 
taneous ligation of the common iliac vein in 
100 rabbits was followed by evidence of 


necrosis on gross examination in 4 instances.. 


It is also worth while to call attention to the 
relationship existing between the incidence 
of the various degrees of gangrene observed 
in the two series of experiments. Massive 
gangrene of almost the entire extremity was 
14.5 times more frequent after ligation of the 
artery alone, while gangrene limited to por- 
tions of the extremity was only 8.5 times more 
frequent. Necrosis of the skin leading to late 
ulceration occurred in about the same fre- 
quency, with or without ligation of the vein, 
which is in agreement with the idea previously 
expressed by Brooks that changes observed 
relatively late after sudden arterial occlusion 
were not a part of the problem concerning the 
effects of simultaneous ligation of the vein in 
the incidence of gangrene. 

As has already been stated, an attempt was 
made to have the same conditions concerning 
arterial obstruction present in each series of 
experiments. A study, however, of the con- 
figuration of the arterial tree as indicated by 
injection of an opaque substance showed the 
impossibility of attaining this desired end. In 
30 of the experimental animals the arteria’ 
tree was filled with an injection mass opaque 
to the roentgen ray. From an examination 0} 
the configuration of the arterial tree it wa: 
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obvious that there was often a difference in 
sie and origin of branches of the common 
il'vc arteries, but this demonstration is, after 

, no more than an illustration of a fact 

‘eady known, because the very fact that all 

imals with arteries alone ligated did not 

velop the same results could hardly be ex- 
» ined in any other manner than by the 
sumption that there were variations in the 

.ount of obstruction to the blood flow. 

\ comparison of the roentgenograms of the 

ected extremities with the physiological 

unges observed also served to emphasize the 

t that the adequacy of the circulation of an 

tremity cannot always be estimated by the 
‘sults obtained from the injection of its 

eries. Figures 3 and 4 show the roent- 
nograms of 2 rabbits killed 5 days after 

e common and external iliac arteries and 

2 common iliac vein had been ligated. There 
‘1s almost complete paralysis of the entire 
- tremity of the rabbit in which it was pos- 
: le to inject the artery distal to the ob- 
s ruction through the collateral circulation, 
aid very little evidence of diminished blood 
‘)w in the animal in which none of the in- 
j cted mass passed through the collateral cir- 
‘lation. Both injections and direct examina- 
tion of the arteries showed complete occlusion 
at the site of ligature. Neither animal showed 
any evidence of necrosis. 

The occurrence of contractures after liga- 
tion of arteries and of arteries and veins was 
observed in these experiments. This par- 
ticular effect of arterial occlusion has been 
previously investigated by Brooks, who 
studied the effects of temporary and per- 
manent obstruction of arteries and veins on 
necrosis and fibrosis of muscle. Brooks dif- 
ferentiated the pathogenesis of contractures 
following arterial obstruction from those fol- 
lowing venous obstruction. He showed that 
the former develop later, and are not attended 
by such a degree of severity of inflammation 
as is associated with the contractures attrib- 
utable to venous obstruction. In the experi- 
ments which constitute the basis of the present 
paper, contractures developed in 15 animals 
in which the arteries alone were ligated, and 
in only 4 instances in which both arteries and 
veins were ligated. This difference in inci- 


Fig. 3. Roentgenogram of arteries injected with barium 
sulphate 5 days after ligation of right common and ex- 
ternal iliac arteries and common iliac vein. The animal 
showed only slight evidence of muscle weakness. Note 
obliteration of the artery at the site of ligation, but little 
injection of the arterial tree distal to the ligature through 
collateral circulatory bed. (Compare with Fig. 2.) 


dence of contractures becomes more striking 
if only the animals which lived for 5 or more 
days are considered. In the series of experi- 
ments in which the arteries alone were ligated, 
only 58 animals lived 5 or more days, while 70 
animals with both arteries and veins ligated 
lived for more than 5 days. 

Contractures due to growth of connective 
tissue and scar formation have an entirely 
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different relationship to a serious impairment 
of the circulation than gangrene or ulceration. 
Gangrene, necrosis, and ulceration are the 
immediate and direct effects of deficient blood 
flow. Proliferation of connective tissue, scar 
formation and contracture belong to the 
process of repair. Contractures after arterial 
obstruction are, therefore, evidence of a 
previous impairment of circulation sufficiently 
great to produce necrosis in tissues more 
vulnerable than connective tissue. The fact 
that contractures are less frequently observed 
after arterial obstruction and simultaneous 
venous obstruction than after arterial ob- 
struction alone, indicates that simultaneous 
occlusion of the vein aids in the preservation 
of the vitality of the more vulnerable tissues 
during the critical period before the re-estab- 
lishment of circulation through the collateral 
vessels. 

The results obtained in these experiments 


indicate that simultaneous ligation of the 
concomitant vein influences favorably the 
incidence of gangrene after ligation of th» 
common and external iliac arteries in rabbits. 
Because of the impossibility of obtaining th: 
same degree of arterial obstruction in succes- 
sive experiments, this conclusion rests solel 
upon statistical evidence. A final conclusioi 
can be reached only after the accumulation 0' 
a large number of experiments performed by 
independent investigators. 
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STUDIES ON ENDOBRONCHIAL OCCLUSION 


ELLIOTT c. CUTLER, M.D., F.A.C.S., ann CORNELIUS B. WOOD, M.D., Boston 
From The Laboratory of Surgical Research, Harvard Medical School 


tempts to create bronchial occlusion is 

largely the hope that it will be of benefit 
. the treatment of pulmonary tuberculosis. 
{any academic and subsidiary stimuli play a 
art in the attempts to produce this, and those 
ho have attempted to reproduce certain 
ystoperative pulmonary complications, not- 
oly massive collapse, have struggled with the 
iatter. The major reasons for this under- 
iking may be listed as follows: 

1. There are to be found in the literature 
iany reports of patients suffering from pul- 
ionary tuberculosis in which atelectasis of 
ne diseased lobe occurred. This atelectasis 
ras due in some cases to the disease itself 
ccluding the bronchus, or the atelectasis was 
vrought about through another mechanism. 
recently Jacobaeus, Packard, Gatterdam, 
Xorol, and others have pointed out that the 
o called fibrotic lung seen in pulmonary 
uberculosis is really an atelectatic lung due 
‘o bronchial obstruction, and that the disease 
in this fibrotic lung is usually a benign process. 
Other cases in which atelectasis has occurred 
in association with pulmonary tuberculosis 
with benefit to the patient are found in the 
reports by Eloesser, Stoloff, and Farris. 

2. For the last 1o years interest in the 
physiology and surgery of the lung has been 
unusually active, partly because the physiol- 
ogist has turned to the lung in the study of the 
circulation, and partly because experiments 
have been designed to reproduce certain post- 
operative pulmonary complications, chiefly 
massive collapse (atelectasis) and abscess. 
This interest has led to much ingenious in- 
vestigation, resulting in important additions 
to our knowledge of pulmonary physiology 
and pathology. Chief among these accessions 
is our present conception of atelectasis as a 
disorder due to bronchial occlusion. 

3. We have also the academic logic that, in 
tuberculosis, rest and approximation of the 
walls of cavities are the maximum desiderata 


[= chief reason for experimental at- 


in therapy (8). It would appear that atelec- 
tasis of the diseased lobe might accomplish 
this far more easily than would the major 
surgical procedure of extrapleural thoraco- 
plastic collapse operations. Also the bacterio- 
logical studies of Novy and Soule have demon- 
strated that the tubercle bacillus is a strict 
aerobe and does not survive well under anox- 
emic conditions. This suggests that any means 
which prevents air from approaching the 
active tuberculous focus is desirable. 

4. Finally, there is in favor of a selective 
collapse of the lung the fundamental consid- 
eration that fibrosis is stimulated by anzrobic 
conditions. Coryllos (g) has pointed out that 
this condition in the lung would be favored by 
atelectasis. The extreme fibrosis noted by 
Schlaepfer following ligation of the major 
branches of the pulmonary artery is in line 
with this thought. 

The attempts to create stenosis experimen- 
tally by the endobronchial route began with 
the investigations of W. E. Adams and Chester 
M. Van Allen, in 1930, by the study of bron- 
chial injury and repair. They reported the 
effect of applying to the bronchial mucosa a 
silver nitrate stick and hot cautery. In their 
study of the repair processes following this, 
they noted that several animals survived with 
complete occlusion. In 1931, Adams and 
Livingstone (2, 3,) published further experi- 
mental work on obstructive pulmonary atel- 
ectasis and persistent bronchial fistule in 
which the bronchi were completely occluded 
by applying 50 per cent and 35 per cent silver 
nitrate solution to the bronchial mucosa. They 
were able to produce bronchial occlusion by 
a single application of the above solutions. 
This bronchial occlusion resulted in pulmo- 
nary atelectasis in all cases in which the oc- 
clusion was complete and in which all the 
bronchi to the lobe were occluded. The 
bronchial fistula closed. These studies were 
elaborated upon and supported by further 
reports published in 1932 (4). In this latter 
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Fig. 1. Animal No. 157-33. X-ray of the chest following 
three bronchial treatments with acid acriflavine solution. 
At autopsy the entire left lung was atelectatic. This film 
shows the heart displaced against the left chest wall, the 
left diaphragm high, and the left apex clcudy. 


article, stronger concentrations were used and 
a 75 per cent silver nitrate solution was shown 
to cause sloughing of the bronchial wall. 
Where atelectasis occurred, it was found that 
the fibroblastic proliferation was very pro- 
nounced. Finally, in 1932, these same investi- 
gators applied their ability to produce occlu- 
sion by this method to the operation of 
lobectomy (5). By producing a preliminary 
bronchial occlusion through the application 
of silver nitrate solutions they reported greater 
ease and safety with the procedure. 

Other investigators have repeated the work 
cited without being able to support entirely 
their contentions, for the mortality rate in 
other hands has been high, and occlusion has 
resulted only infrequently. Blalock, using 35 
per cent silver nitrate solution, lost 15 out of 
his first 20 animals and complete stenosis was 
an infrequent result. Recently Dr. Van Allen 
told us personally that he, himself, was unable 
to duplicate the results published by his as- 
sociate, Dr. Adams. In the surgical labora- 


tories in Cleveland, Dr. Robert Zollinger 
repeated the work in the winter of 1931-1932 
without more success than Blalock. Positive 
occlusion was so rare, or the mortality so high, 
that little hope for clinical application could 
be seen. Other caustics were utilized without 
greater success. 

Beginning in the fall of 1932, we recom- 
menced a study of this problem because of the 
great clinical value ‘such a method would have 
were it safe and certain. We began by repeat- 
ing the experiments of Adams and Living- 
stone, following their technique as closely as 
their publications permitted. A pledget of 
cotton moistened with 35 per cent of silver 
nitrate solution held in the tip of a bronchial 
applicator was pressed against the mucous 
membrane of a bronchus at selected points. 
Both dogs and monkeys were used. They were 
anesthetized before each procedure by the 
intraperitoneal injection of sodium pento- 
barbital. 

In a series of 20 dogs, one application of the 
35 per cent silver nitrate solution failed to 
produce complete occlusion. Repeated ap- 
plications yielded only three instances of oc- 
clusion with atelectasis. In the same series 
a marked pneumonitis or hemorrhagic infarct 
formation occurred in the lung distal to the 
application, and destruction of the bronchus 
so great as to result in fatal hemorrhage oc- 
curred six times. In one experiment a large 
giant Macacus Rhesus monkey was broncho- 
scoped repeatedly over a course of 4 months, 
and a 35 per cent solution of silver nitrate was 
applied to the bronchus of the right accessory 
lobe five times during this period. At the end 
of 5 months this bronchus was constricted to 
about one-half or one-third of its original 
diameter, but there was no atelectasis distal 
to the constriction. 

In a second series of animals, a modified 
Carnoy’s! solution was used, carrying out ex- 
periments similar to those of Dr. Zollinger in 
1931. This caustic fluid, developed by Zol- 
linger and Moritz in an attempt to secure 
the optimum fixation in intracranial cysts 


1 This solution is made as follows: 


Absolute alcohol.............. 6 cubic centimeters 
5 405% 3 cubic centimeters 
Glacial acetic acid............. 1 cubic centimeter 
Ferric chioride................ I gram 
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Fig. 2. Animal No. 157-33. Photograph of gross speci- 
en and photomicrographs of sections removed from right 
id left lungs. The atelectatic left lung appears larger than 
s true size, for it was stretched upon the background 


vithout deep penetration, has also been used 
\o produce obliteration of cervical fistula and 
pilonidal sinuses (10). It has properties of 
‘noderate penetration with rapid local fixation 
of cells. Rather marked local fibroblastic re- 
action occurs in the tissues after its applica- 
tion. This solution was used intrabronchially 
in § animals, the same technique being 
utilized. It produced a rapid necrosis of the 
epithelium and bronchial cartilages, with a 
subsequent fibrosis which in 2 cases resulted 
in bronchial occlusion and atelectasis. But 
occlusion occurred without regularity and 
there occurred three instances of pulmonary 
hemorrhage and pulmonary gangrene and 
abscess formation. This experience, which was 
similar to that of previous investigations by 
Zollinger with the same fluid, convinced us 
that this solution was too caustic in its action, 
and without a sufficient margin of safety to 
warrant further work with it. 

The next attempt was a return to the ear- 
liest experiments of Van Allen and Adams 
(1). These investigators reported that the cica- 
trix resulting from the application of actual 
cautery to the bronchial membrane caused 
occlusion. In these experiments the surround- 


when photographed. When the trachea and right lung were 
distended with air, the left lung was atelectatic and airless. 
The roentgenogram of the chest in this case is shown in 
Figure 1. 


ing blood vessel wall and lung showed much 
less reaction following cauterization with heat 
than following cauterization with silver ni- 
trate. An insulated metal rod, the end of 
which was capped by a small uninsulated 
metal ball, was attached to the fulgurating 
current of the Bovie unit and passed down the 
bronchus to the desired location. The balled 
tip was made to lie against the whole bronchial 
wall and weak desiccating current turned on 
for 5 seconds. Experience with varying am- 
plitudes of current resulted in our standardiz- 
ing the dose to the desiccating current at 
stop 25. Eighteen animals were used. Two of 
the animals in this series developed bronchial 
occlusion upon a single cauterization; 2 others 
developed occlusion after two to four caut- 
erizations. Postoperative haemorrhage and 
gangrene of the lung resulted in ten instances. 
This experiment suggested that its practi- 
cability was extremely limited. 

Comments. The experience with these three 
methods, silver nitrate, Carnoy’s fluid, and 
electrical cauterization, showed them to be 
fraught with considerable danger as well as 
unreliable in the production of occlusion. Such 
methods seemed too crude, and either pro- 
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Fig. 3. Animal No. 29-33. Complete atelectasis of the 
right middle, lower, and accessory lobes. The heart is en- 
tirely within the right chest cavity and the right diaphragm 
is high. This animal was treated twice with acriflavine 
solution endobronchially. This film was taken 34 days after 
the first treatment. 


duced large ulcerations on the bronchial wall 
with the subsequent danger of infection and 
hemorrhage, or insufficient damage to pro- 
duce occlusion. It would appear that in order 
to produce a permanent bronchial occlusion 
by a safe method, the substance, when ap- 
plied to the bronchus, should penetrate deeply 
to the peribronchial tissues and there, acting 
slowly and over a long period of time, produce 
a peribronchial fibrosis. There should be a 
minimum of damage to the bronchial wall 
and to the pulmonary tissue distal to the ap- 
plication. If the procedure is to be of value 
clinically it should be efficient enough to pro- 
duce occlusion of the bronchus to the lobe of a 
dog’s lung upon one or, at most, two applica- 
tions, and should be able to occlude the main 
primary bronchus after two or three applica- 
tions. 

In the search for such a substance to pro- 
duce bronchial occlusion, it was recalled that 
painless strictures of the urethra were not 
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uncommon following irrigations with acri 
flavine solution. If diluted acriflavine in the 
urethra was capable of producing such marked 
periurethral fibrosis as stricture, its fibro. 
blastic processes elsewhere were worth inves. 
tigating. Erdheim found that this dye, when 
injected directly into tissues, produced an 
area of aseptic necrosis, the periphery of which 
was surrounded by marked granulation and 
fibroblastic tissue. This dye is known to pos- 
sess great powers of penetration, and experi- 


-mental work has shown that following an 


urethral irrigation the dye is grossly present 
in the periurethral tissues. 

These many considerations led us to believe 
that this drug in greater concentrations might 
have the desired action on the bronchus. A 
series of dogs were then tested with acri- 
flavine of various concentrations. 

The method. Dogs weighing from 8 to 20 
kilograms were used. They were anesthetized 
by the intraperitoneal injection of sodium 
pentobarbital, 0.035 grams of the drug in 
solution per kilogram weight being used. This 
anesthesia proved extremely satisfactory. A 
deep narcosis could be induced without trou- 
blesome cough reflex and without danger to 
the animal. The animals were fastened supine 
on the table. The bronchoscope was inserted 
into the larynx, the carina identified, and the 
tip of the bronchoscope then pushed down to 
the position where cicatrization was desired. 
All bronchi have been subjected to this treat- 
ment. Acriflavine was applied to the desired 
bronchus by moistening a cotton swab, tightly 
wrapped upon the end of a long stiff wire, 
with the solution. The excess solution was 
expressed and the applicator was placed just 
within the bronchial orifice for from 6 to 10 
minutes, the duration of the application de- 
pending on the size of the bronchus. It is im- 
portant that the swab fit snugly into the orifice 
of the bronchus and thus be in contact with 
the entire circumference of the bronchus. 
Upon removal of the swab if there was pres- 
ent in the bronchus any excess secretion, this 
was wiped dry with a sponge. The treated 
area following such an application usually 
appeared a deep scarlet color and its mucosa 
seemed withered. In the case of the lower 
right lobe, each of the numerous openings, 
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Fig. 4. Animal No. 29-33. Hematoxylin and eosin stain 
‘ross specimen showing the complete atelectasis of the 
ght middle, lower, and accessory lobes. The X-ray of 
iis animal is shown in Figure 3. The photomicrograph 


vhich are ramifications of the lower primary 
»ronchus, were treated in the manner de- 
-cribed. If the entire right or left main pri- 
mary bronchus was to be treated, a cotton 
wick 1% centimeter by 5 to 8 centimeters, 
irom which all excess of acriflavine had been 
pressed out with a sponge, was passed through 
ihe bronchoscope and packed tightly into the 
main primary bronchus and left in place for 
15 or 20 minutes. Upon removal of the wick 
the area was carefully wiped to remove any 
excess solution. Following this method the 
primary bronchus can be completely occluded, 
two applications usually being necessary. 

The solution of acriflavine should be made 
up fresh each day that it is used, as exposure 
decreases its efficiency. If two or more bronchi 
are to be treated, it is wise to use a fresh cot- 
ton applicator for each bronchus, as the se- 
cretions moisten the applicator and dilute 
the concentration of the acriflavine. 

A large series of animals were treated with 
acriflavine. We began by using a 1o per cent 
solution (7 animals), but soon found the caustic 
effect was inadequate at this concentration. 
A summary of the protocols show that one 
bronchial occlusion (accessory lobe) resulted 
from a single application and that one oc- 
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labeled left was taken from the normal left lung. The 
photomicrograph labeled right was taken from the atelec- 
tatic right lung distal to the bronchial occlusion. The mag- 
nification is the same in both sections. X 80. 


clusion resulted from repeated applications 
(three applications to accessory or subcardiac 
lobe). The remaining animals were treated 
with 25 per cent acriflavine. In this group 
occlusion resulted with great regularity when 
the technique had become standardized. The 
fatalities are discussed in detail and are suf- 
ficiently explainable on technical grounds or 
other accidents to justify our hopes that a 
satisfactory and safe method for creating 
bronchial occlusion has been found. 


SUMMARY OF EXPERIMENTS WITH 25 PER 
CENT ACRIFLAVINE 


44 animals. 
13 sacrificed before the twenty-first day for histo- 
logical study of the healing process. 
31 animals available for study of occlusion and its 
risk. 
11 died: 
2 of distemper. 
3 of gross injury from instrumentation on oper- 
ating table. 
1 of fight in kennels. 
of special experiment in which one-half cubic 
centimeter of fluid was left in bronchus for 
study of histological reaction in lung. 
of hemorrhage from sloughing of bronchial 
wall—this animal was treated twice in the same 
afternoon for a total of 21 minutes with a free 
interval. 
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Fig. 5. Animal No. 132-33. X-ray showing normal chest. 
The diaphragms are similar in position; the lung fields are 
of equal intensity; the heart apex is just to the left of the 
midline. 


2 of pneumonia which began in the lobe treated 

by this fluid. 
20 survivals for testing efficiency of acriflavine solu- 

tion in producing occlusion: 
In 24 instances occlusion resulted from a single 
application. 
In 19 instances occlusion resulted with from 2 
to 3 applications. 


The chart which summarizes the experi- 
ments with acriflavine shows at least two 
fatalities in the group of animals which suc- 
cumbed (those in which pneumonia devel- 
oped) for which the application of the drug 
seems directly responsible. Because of the 
large experience in which a similar unfortu- 
nate result did not occur, we feel that in these 
animals either the fluid applied was excessive 
and escaped down into the lobe, or we may 
have been dealing with animals on the verge 
of distemper. No abscess formation occurred 
and microscopically we did not observe dam- 
age to blood vessels. 

All of the different bronchi have been com- 
pletely stenosed. In several cases the entire 
lung has been made to collapse completely 


Fig. 6. Animal No. 132-33. X-ray of the chest of the 
same animal taken 53 days later. Autopsy showed the 
entire left lung to be atelectatic and airless. The left pri- 
mary bronchus was treated twice with 25 per cent acid 
acriflavine solution. The aerated lung which appears just 
under the heart is the displaced right accessory lobe. 


due to occlusion of all its bronchi. The smaller 
bronchi are more easily occluded. We found 
greatest difficulty in collapsing the right lower 
lobe, probably because its many small bronchi 
led us to miss one of these during an appli- 
cation, thereby necessitating a second or third 
application. 

The success in the last 20 cases, the histo- 
logical study of the healing process, and the 
simplicity of the procedure have encouraged 
us to the point where we feel justified in pro 
gressing to the application of this work to our 
clinical cases. 


PROTOCOLS OF TYPICAL EXPERIMENTS 


F-157-33. A brown, mongrel, male dog. Tem 
perature 102 degrees. 

March 10, 1933. The dog appeared to be in gour 
condition. A preliminary X-ray of the chest wa. 
taken. The dog was anesthetized with sodium pento 
barbital intraperitoneally. The bronchoscope wa: 
inserted, and the left primary bronchus was identi- 
fied. Into each of the divisions of the primar 
bronchus was inserted for 5 minutes a cotton spong 
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Fig. 7. Animal No. 132-33. The lungs and trachea of a 
se which had been treated twice with a solution of acid 
« riflavine. The left lung is collapsed and airless and the 
t bronchus occluded. The photomicrographs of sections 
om the right and left lungs are the same magnifications. 


 oistened with a 25 per cent acid acriflavine solu- 
ton. Following this, each of the orifices were red- 
dened and puckered in appearance. 

March 21. The dog was up and about in his cage, 
coughing considerably, but otherwise in good con- 
dition. Temperature 102.2 degrees. 

March 23. The dog was returned to his cage on 
the roof. His appearance and actions seemed to be 
normal. 

March 31. The general condition of the animal 
was good. X-ray of the chest was taken. The dog 
was anesthetized and bronchoscoped. The left pri- 
mary bronchus was identified, and the bronchoscope 
was inserted into it. The bronchus leading to the 
upper lobe was still patent, though greatly reduced 
in size. A 25 per cent solution of acid acriflavine 
was applied here for 5 minutes. The distal primary 
bronchus was practically occluded by a marked 
stenosis, and no other secondary bronchi could be 
identified. This portion was similarly treated. 

April 24. The dog was in excellent condition. X- 
tay showed the heart almost against the left chest 
wall, and the left lung almost completely atelectatic. 
The animal was anesthetized and bronchoscoped. 
All of the secondary bronchi were completely ste- 
nosed, except one very small bronchus that lay on 
the floor of the primary bronchus and had not been 
treated previously. The distal primary bronchus 
was completely occluded by a firm cicatrix. The 
small orifice which had not been treated was now 
treated with 25 per cent acid acriflavine for 5 
minutes. 


The photomicrograph of the left shows the alveoli col- 
lapsed and airless and the moderately sized tertiary bron- 
chus filled with mucoid material. The vascular supply is 
intact. 


April 25. The dog was up and about, and in good 
condition. A slight hacking cough was present yet. 

May 15. X-ray showed all of the lobes of the left 
lung to be completely atelectatic, and the heart 
against the left chest wall. The left diaphragm was 
high. The dog was bronchoscoped. The left primary 
bronchus was found funnel shaped and it tapered to 
a complete occlusion. All of the secondary bronchi 
were completely occluded. 

Intrapleural pressures were taken on both sides 
which showed no essential variation from normal. 
On deep inspiration the negative pressure on the 
atelectatic side fell to minus 12 centimeters of water, 
and on the normal side to only minus 8 centimeters 
of water. 

Blood gas analysis by the Van Slyke method 
showed no significant changes. 

June 26. Temperature 102.2 degrees. The dog was 
in excellent condition, ate well, and appeared active 
and normal. X-ray of the chest (Fig. 1) showed 
complete atelectasis of the left lung, heart against 
left chest wall, and left diaphragm high. 

June 29. The dog was killed with ether intra- 
venously. The heart and lungs were removed (Fig. 
2). The lobes of the left lung were small and shriveled 
and of a brownish blue color. The lobes were non- , 
crepitant and uniformly firm. The pleura which cov- 
ered them was entirely smooth and shiny and with- 
out adhesions. Cut sections showed a uniformly 
hepatized appearance. The tissues were firm, non- 
friable, and the smaller bronchi, within the lung 
substance, were filled with a mucoid material. 
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Fig. 8. Bronchus 6 days after treatment. The lumen, 4, 
is filled with a firmly adherent mucoid plug. Many of the 
cartilages, B, are necrotic. Submucosa, C, homogeneous 
and undergoing aseptic necrosis. Haematoxylin and eosin 
stain X 10. 


F-29-33. Brown, mongrel dog. Temperature 101.4 
degrees. 

March 8, 1933. X-ray of the chest showed it to 
be normal. The dog was fastened to the table, 
anesthetized, and the bronchoscope inserted. The 
right primary bronchus was identified. Each of the 
branches, except the right upper, was found and 
treated with a 25 per cent acid acriflavine sponge, 
which was carefully fitted into the orifice snugly, and 
left in place for 5 minutes. Following this procedure 


Fig. to. Bronchus 12 days after treatment. The 
mucoid case has been separated from the bronchial wall 
and expelled. There is a marked proliferation of the peri- 
bronchial tissues and submucosa. Hematoxylin and eosin 
stain. X25. 


A 
Fig. 9. High power magnification of the same bronchus. 
Hematoxylin and eosin stain X 40. 


the primary bronchus was carefully sponged to re 
move any excess fluid. The treated areas were mod 
erately stained and withered and wrinkled in ap- 
pearance. 

March to. The dog appeared normal. However, a 
moderate hacking cough was present. The dog ate 
well, and played actively with the other dogs. 

March 23. X-ray of the chest showed no essential 
variation from normal. The dog was anesthetized 
with sodium pentobarbital intraperitoneally and 
bronchoscoped. The right primary bronchus was 
rather markedly constricted so that the broncho- 
scope was passed into it with difficulty. The orifices 
of the secondary bronchi, leading to the individual 
lobes, excepting the right upper, were shrunken, 
oedematous, but not occluded. There was no erosion 


Fig. 11. The occluded bronchus 28 days after treatment 
The cartilages are misshapen and displaced. The lumen i 
filled with granulation and scar tissue. There are presen’ 
many small epithelial inclusion cysts. The lung distal t: 
this bronchus was entirely atelectatic. Hematoxylin anc 
eosin stain. X Io. 
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of the mucous membrane. Each of the lobe bronchi 
was treated for 5 minutes with 25 per cent acid 
acriflavine solution. 

April 11. The animal was in good condition. Tem- 
perature 102 degrees. X-ray (Fig. 3) showed the 
right middle, lower, and accessory lobes completely 
atelectatic, the heart drawn over against the right 
chest wall, and the right diaphragm high. 

May 2. Blood gas analysis by the Van Slyke 
method showed little significant change from normal. 
The dog was anesthetized and bronchoscoped. The 
right primary bronchus was completely occluded 
just beyond the carina. The mucous membrane, 
covering the occlusion, appeared normal. The right 
upper lobe bronchus was partially occluded. 

June 29. The dog was in excellent condition. X- 
ray of the chest showed the right middle, lower, and 
accessory lobes completely atelectatic, the heart 
drawn over against the chest wall, and the right 
diaphragm high. The dog was killed with ether 
intravenously. The right accessory, lower, and mid- 
dle lobes were small, shrunken, and of a dark brown- 
ish purple color (Fig. 4). These lobes were completely 
atelectatic and contained no air. The pleura, every- 
where, was smooth and shiny, and there were no ad- 
hesions. The bronchi leading to the lobes were small, 
sclerosed, and felt pipestem-like. The bronchial 
lumen was completely filled with cicatrix. The atel- 
ectatic lung was of uniformly smooth consistency, 
and the small bronchi within the lobes were filled 
with a mucoid material. 

F-132-33. Female, collie dog. Temperature 101.6 
degrees. 

March 11, 1933. X-ray of the chest was taken 
which showed it to be normal (Fig. 5). The dog was 
fastened upon the operating table and anesthetized 
with sodium pentobarbital intraperitoneally. The 
bronchoscope was inserted into the trachea, the 
carina identified, and the left primary bronchus 
entered. All of the orifices of the secondary bronchi 
which lead from the primary were treated for 5 
minutes with a 25 per cent aqueous solution of acid 
acriflavine, the routine technique being used. Fol- 
lowing this the main primary bronchus was packed, 
for 5 minutes, with a wick which had been soaked 
in the acriflavine solution, and all of the excess 
solution expressed. Following this procedure the 
mucous membrane was stained a deep scarlet color. 

March 12. The dog was up and running about. He 
had a moderate cough, but otherwise his appearance 
and actions were normal. 

March 13. The dog was in good condition. Tem- 
perature 102.4 degrees. 

March 31. An X-ray of the chest showed no atel-' 
ectasis, and the heart was in the normal position. 
Sodium pentobarbital was given intraperitoneally, 
and the animal was bronchoscoped. The left pri- 
mary bronchus was markedly constricted so that the 
bronchi to the individual lobes could not be visual- 
ized. The mucosa was intact, and there was no 
bleeding. The point of stricture in the primary 
bronchus was treated for 5 minutes with a cotton 
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applicator moistened with a 25 per cent solution of 
acid acriflavine. 

April 2. The dog was in good condition, ate well, 
and appeared entirely normal. 

May 4. An X-ray of the chest showed the heart 
within the left chest against the lateral chest wall. 
The left lung was entirely atelectatic and collapsed. 

June 20. The dog was in good condition. Tem- 
perature 102 degrees. An X-ray (Fig. 6) showed 
complete atelectasis of the entire left lung, and a high 
left diaphragm. Intrapleural pressures were taken, 
which, on the left side, varied from minus 14 centi- 
meters of water to minus 20 centimeters of water. 
In the right chest the intrapleural pressure varied 
from minus 8 centimeters of water to minus 13 
centimeters of water. 

Blood gas analyses by the Van Slyke method 
showed no appreciable changes. 

The dog was anesthetized with sodium pento- 
barbital intraperitoneally and bronchoscoped. The 
left primary bronchus was entirely constricted and 
occluded 2 centimeters below the carina. The dog 
was killed with ether intravenously and the heart 
and lungs removed. The trachea was attached to a 
rubber bulb and the lungs distended with air (Fig. 
7). The right lung ballooned with air, and was en- 
tirely normal in appearance. The lobes of the left 
lung were airless, small, and shrunken, and probably 
less than one-third of their normal size. The pul- 
monary tissue was of the same color and consistency 
as normal liver, but much less friable. Complete 
atelectasis of the entire left lung was present. 


PATHOLOGY 


Acriflavine solutions of various strengths 
were tested upon the bronchi; those solutions 
of less than 25 per cent proved ineffective. The 
dye is soluble in water only to 33 per cent 
under normal conditions, and it was felt that 
the danger of introducing particles of undis- 
solved dye into the bronchus prohibited the 
use of any stronger solution. A group of ani- 
mals treated with 25 per cent solutions of 
acriflavine were sacrificed at intervals and 
gross and microscopic studies made: 

Two hours. At autopsy the lobe appeared 
normal in size and color and consistency. The 
bronchus which led to this was stained a dif- 
fuse yellow, and the dye could be seen pene- 
trating to the peribronchial tissues. 

One day. The lobe appeared normal. It 
was crepitant and of normal color and con- 
sistency. The bronchus leading to it was 
slightly stained yellow, the surface appeared 
swollen and lacked its normal glistening ap- 
pearance. 
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Microscopically, the bronchial mucosa and 
musculature were necrotic and the peribron- 
chial tissues in the immediate vicinity of the 
cartilages showed a rather homogeneous ap- 
pearance with a poor nuclear stain. The larger 
blood vessels showed no damage. The pul- 
monary tissue in the immediate proximity 
was rather congested, showed some hemor- 
rhage, and a few of the alveoli contained a 
hyaline membrane. Leucocytic infiltration 
was correspondingly absent. The peripheral 
lung, except that surrounding the larger 
bronchi, was entirely normal. The pulmonary 
tissue encircling these bronchi was congested, 
and in a few isolated places the alveoli were 
filled with serum, without cells. 

Four to six days (Figs. 8 and). At autopsy, 
the lobe was a deep purplish color and smaller 
in size than normal. To palpation it was non- 
crepitant, and seemed rather wet and boggy. 
There was no evidence of infiltration. The 
bronchus leading to it was occluded by a mu- 
coid cast which was firmly adherent to the 
wall. Upon removal of the mucoid plug the 
orifice of the bronchus was rough, and lacked 
its normal glistening appearance. Microscopic 
sections showed the epithelium and submucosa 
entirely replaced by a mucoid plug which 
filled the bronchial orifice and was adherent 
to the submucosa and in places to the peri- 
cartilaginous tissues. Many of the cartilages 
were necrotic. There was considerable granu- 
lation tissue and fibroblastic proliferation in 
the peribronchial tissues. In places there were 
a few lymphocytes and rare scattered leuco- 
cytes. The pulmonary tissues in the immediate 
proximity showed some organization, with 
scattered patchy atelectasis. There was slight 
round cell infiltration. The distal lung was 
cedematous and showed some patchy atel- 
ectasis, but there was found no evidence of 
inflammation. 

Eight to ten days. At autopsy in most in- 
stances the lung was somewhat darker in 
color and was crepitant and air containing. 
Occasionally one or two patches on the sur- 
face were a deeper purple in color, were re- 
tracted from the surrounding lung, and did 
not contain air. The bronchus was open, the 
mucoid plug having been expelled. The sur- 
face of the bronchus was somewhat smooth 
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and shiny, occasionally studded with petechiz. 
The lumen was somewhat decreased in size. 

Microscopic section showed the surface of 
the bronchus lined with a thin layer of re- 
generating epithelium. In one in which the 
mucoid plug had not yet been expelled the 
regenerating epithelium was growing between 
the mucoid plug and the submucosa, separat- 
ing the two, and loosening the plug. The sub- 
mucosa and perichondrial tissues were still 
necrotic and homogeneous, and showed no 
nuclear stain. There was no cellularinfiltration. 
A majority of the cartilages were exten- 
sively damaged. The pericartilaginous tissues 
showed beginning regeneration with fibro- 
blastic proliferation. The lung surrounding 
the bronchi showed some patchy atelectasis 
with scattered blood pigment. Evidences of 
infection were entirely absent. 

Two weeks (Fig. 10). The gross appearance 
of the pulmonary tissues closely resembled 
those examined in 10 days. 

Microscopically, the sections of the bron- 
chus showed the epithelium to be fully re- 
generated and without cellular reaction. There 
were occasional piled up areas of epithelial 
cells forming polyps. In many places, just 
under the epithelial layer, were nests of epi- 
thelial cells forming little inclusion cysts. 
There was slight beginning regeneration in the 
submucosa. The cartilages were necrotic, mis- 
shapen, and in many instances, rather mark- 
edly displaced from their normal position. The 
peribronchial tissues showed marked fibro- 
blastic proliferation and regeneration. The 
lung in a few scattered areas, which tended to 
follow the bronchial ramification within its 
parenchyma, still showed evidences of hem- 
orrhage and congestion. Small zones of patchy 
atelectasis were still present. 

Four weeks (Fig. 11). At autopsy, the lobe 
was small, shrunken, and of a bluish-purple 
color. It was rather firm, non-crepitant, and 
except for the fact that it was not friable, 
closely resembled liver tissue. It proved 
to be 100 per cent atelectatic. The bronchi 
within it were filled with a thick, tenacious 
mucus. The primary bronchus was entirely 
occluded for a distance of 8 millimeters. Sec- 
tions cut through the occluded bronchus 
showed complete obliteration of the lumen 
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with granulation and fibrous tissue, in which 
were interspersed occasional epithelial in- 
clusion cysts. The bronchial cartilages were 
of a homogeneous appearance and partially 
degenerated. They were twisted and mis- 
placed, occasionally two and three and even 
four of them lay side by side. The pericarti- 
laginous and peribronchial tissues were fibrous 
and dense, and appeared to have compressed 
and buckled the bronchial wall and cartilages. 
The peripheral lung (Fig. 4, rt.) was atelec- 
tatic, appeared congested and cedematous, 
but there was found not the slightest evidence 
of infection. 

A solution of acriflavine in the high con- 
centration used in this work produced quite 
marked local damage in the bronchial wall, 
with surprisingly little damage to the lung 
distal to the application or to the surrounding 
structures. The necrosis is completely aseptic 
and peculiarly lacking in cellular reaction. 
The definite fibroblastic reaction in the periph- 
ery of the treated area aids greatly in reducing 
the bronchial diameter by compressing and 
buckling the bronchial cartilages. Similar 
aseptic necrosis following the use of other 
acridine dyes have been described by Milch. 
Erdheim tested these dyes by injecting them 


directly into the tissue, and found that per- 
ipheral to the zone of destruction there was 
found a zone of granulation and fibroblastic 
tissue. The reaction in the case of acriflavine 
is purely local, as the dye is systemically 
toxic only in large doses, and may even be 
given intravenously without harm. 


RESULTS AND DISCUSSION 


A series of 44 dogs have been studied fol- 
lowing the use of acriflavine by this method. 
Complete gross and microscopic studies have 
been made at intervals following treatment. 
There occurred 11 fatalities in this series, the 
explanation of which shows that in only 2 of 
these could the solution, as used in our final 
technique, have been at fault. By repeated 
applications at a single sitting all bronchi to 
an entire lung have been satisfactorily oc- 
cluded. This method, in our experience, has 
proved surprisingly safe and efficient. In no 
instance did the collapse of a lung with re- 
sultant atelectasis interfere with the animal’s 
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general condition. While intrapleural pres- 
sures were not constantly taken, the readings 
obtained in animals with complete atelectasis 
showed but little alteration from the pres- 
sures in normal animals. This, in part, may be 
explained by the very mobile mediastinum 
present in dogs. The temperature elevation 
following application was negligible. In dogs, 
permanent bronchial occlusion caused in some 
animals a persistent bronchial cough, while in 
the 3 monkeys in which stenosis has been in- 
duced by this method, cough, even immediate- 
ly following treatment, was noticeably absent. 
The human case under treatment, at the 
present time, has had a postoperative course 
marked by the absence of bronchial irritation, 
cough, temperature, discomfort, physical or 
X-ray changes in the lung. 

The occurrence in these experiments of 
lobar pneumonia following the production of 
an atelectasis was not seen. Coryllos (7) has 
contended that lobar pneumonia, even post- 
operative bronchopneumonia, is preceded by 
the production of an atelectasis, and that in 
this airless lung the pneumonococcus infec- 
tion spreads to produce the typical clinical 
syndrome. That this theory is not effective in 
the experimental animal, without the intra- 
bronchial introduction of massive doses of 
pneumonococcus culture, is evident from a 
study of these protocols. The atelectasis 
which occurred in the normal animals was 
unassociated with fever, malaise, or loss of 
weight. Microscopically, the airless lung 
showed no evidences of pneumonitis at any 
stage. (Figs. g rt., 10 It., and 11 It.) 


CONCLUSIONS 


1. A safe and reliable method to produce 
experimental bronchial occlusion is presented. 

2. The theoretical advantages of such a 
procedure in the treatment of certain forms of 
pulmonary tuberculosis is considered. 

3. Twenty-five per cent aqueous acid acri- 
flavine solution as used in these experiments 
produced an aseptic necrosis of the bronchial 
mucosa and submucosa, and the formation of 
a firmly adherent mucoid plug. Later the 
rapidly regenerating epithelium separated this 
from the walls and the plug was coughed out. 
The peribronchial and submucosal tissues 
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proliferated, became fibrosed, and occluded 
the bronchial lumen. 

4. Pulmonary atelectasis occurred only 
when all of the bronchi to the lobe had been 
completely occluded. 

5. Permanent pulmonary atelectasis, even 
of a whole lung, was compatible with the 
normal health and good general condition of 
the experimental animal. 
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THE MECHANISM OF DEATH IN MASSIVE PULMONARY 
EMBOLISM 


Witn CoMMENTS ON THE TRENDELENBURG OPERATION 


EDWARD D. CHURCHILL, M.D., Boston 


From the Massachusetts General Hospital 


bolism is such a dramatic incident 

that descriptions of the clinical pic- 
ture are commonplace. However, the very 
fact that the event is so unexpected and tragic 
has colored the observations with inaccuracies 
and it is exceedingly difficult to find an ade- 
quate clinical analysis of what really may take 
place. This dearth of knowledge is reflected 
by the well known discrepancy between the 
clinical diagnosis of pulmonary embolism and 
the autopsy findings—perhaps in no other 
condition do hospital statistics show a greater 
percentage of error. In many clinics the sole 
fact that a patient dies unexpectedly and 
abruptly following a surgical operation gives 
ample grounds for the diagnosis. One calls 
to mind the diagnosis of “heart failure,” 
formerly made with such frequency and par- 
allel inaccuracy. 

One of the best expositions of the signs 
and symptoms of pulmonary embolism is to 
be found in the paper of Giertz and Crafoord, 
based on a statistical analysis of the clinical 
picture presented by 27 patients. In 23 in- 
stances the condition was correctly diagnosed 
before death. The symptoms observed were, 
in order of frequency, as follows: sudden on- 
set of symptoms without any warning; high, 
soft, imperceptible pulse; marked pallor; un- 
consciousness; slight cyanosis; craving for air; 
dyspnoea; altered respiration, superficial or 
deep; snatching or groaning; feeling of op- 
pression, dread, anxiety, restlessness; pain, or 
stitch in chest, usually over precordium; 
“shock,”’ cold perspiration; pulsations in veins 
of neck (the authors remark that this symp- 
tom is probably more frequent than was noted 
in the brief accounts available); waving arms 
about, wanting to get up. Violent vomiting, 
strabismus, dilated pupils, giddiness, and 
yawning also occasionally occur. The symp- 
tomatology is summarized as follows: “In 


| ) ects from massive pulmonary em- 


most instances it (massive pulmonary em- 
bolism) comes like a bolt from the blue with 
typical symptoms of which the most frequent 
are intensive pallor, loss of pulse and con- 
sciousness. Common symptoms are also op- 
pression, craving for air and a mild cyanosis 
with a typical venous pulsation above the 
clavicles” (1). 

It is obvious that the enumerated signs 
and symptoms represent a composite picture 
drawn from a group of cases and that in any 
individual instance many of these findings 
will be absent. In order to furnish a back- 
ground for the interpretation of the varying 
clinical aspects, it has been found helpful to 
define at least 3 mechanisms by which 
death is produced, when a large thrombus is 
carried through the right heart and lodges in 
the pulmonary artery. It is evident that the 
duration of life and the symptomatology will 
depend upon the amount of obstruction that 
the embolus produces in the particular case 
under consideration. 


I. COMPLETE OBSTRUCTION 
WITH IMMEDIATE DEATH 


A large thrombus that completely blocks 
the outflow from the right heart will cause 
immediate but not instantaneous death from 
complete cessation of the circulation. The 
left ventricle continues for a moment to dis- 
charge the blood that is already present in 
the pulmonary circuit and then its output 
abruptly ceases. There is a loss of conscious 
ness due to cerebral anemia and after a few 
asphyxial gasps the respiratory center fails 
completely. The lack of coronary blood sup- 
ply resulting from the fall of pressure in the 
aorta increases the dilatation of the right 
heart already precipitated by the obstruction 
of the outflow of blood. 

It is impossible at the present time to 
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of occlusion of the artery that is followed by 
immediate death. In any event, it is probable 
that there exists a wide variation in the 
response of different individuals due to dif- 
ferences in age, condition of the cardiac mus- 
culature, the state of the peripheral circula- 
tion and other factors. 


Il. PARTIAL OBSTRUCTION WITH DELAYED 
DEATH DUE TO REDUCED EFFECTIVE BLOOD 
VOLUME 


In many cases occlusion of the arterial 
lumen by the embolus may be so far from 
complete that the circulation is carried on 
for some time, although under a mechanical 
disadvantage that ultimately leads to death. 
It is this type of case that offers an oppor- 
tunity for pulmonary embolectomy. 

For many years, in fact dating from ex- 
perimental observations by Cohnheim, the 
statement has been made in the literature 
that if the pulmonary artery be slowly oc- 
cluded, no effects are discerned until a point 
is reached at which an abrupt failure of the 
circulation terminates in immediate death. 
Gibbon, Hopkinson and Churchill showed 
that this phenomenon was an artifact pro- 
duced by the experimental methods commonly 
employed. It was further demonstrated that 
partial occlusion of the artery produced a 
period of diminished cardiac output with fall- 
ing arterial pressure and rising venous pres- 
sure. This state of affairs closely simulates 
the well known effects of cardiac tamponade 
with the difference that the point of obstruc- 
tion is in the pulmonary artery rather than at 
the right auricle or intrapericardial portions 
of the cave. 

These experimental findings are not infre- 
quently reproduced in the clinic when only 
a partial obstruction to the flow of blood in 
the pulmonary artery is produced by the 
embolus. The following case history is as in- 
structive as an experimental protocol in il- 
lustrating this point. 


E. S., an obese woman, aged 53 years. Following 
cholecystectomy there was slight fever attributed 
to minor wound sepsis. No signs of femoral phlebitis 
were noted. On the fifteenth postoperative day at 
3:00 p.m. after the patient had been taken to the 
lavoratory in a wheel chair and returned to bed, 
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she had a “queer’’ feeling in her right chest, “like 
a lump,” which almost at once developed into a 
sharp pain. When seen a few minutes later she was 
lying propped up in bed, pale, apprehensive, and 
laboring for breath. She was retching, nauseated, 
and bathed in cold sweat. The pulse was rapid and 


_ thready. The lips and fingernails were pale and 


slightly dusky. The blood pressure was 100/60 as 
contrasted with 150/90 recorded on admission to 
the hospital. A diagnosis of massive pulmonary 
embolism was made, oxygen inhalation was started 
at once through a nasal catheter and morphine 
sulphate, 1/6 gram, given hypodermically. Follow- 
ing these preliminary measures the patient was 
transported to the surgical amphitheater in her bed. 
Preparations for immediate operation were com- 
pleted and the patient was kept under constant 
observation with this in view. The accompanying 
chart (Fig. 1) shows the subsequent course of events. 
During the first hour after the embolism, the blood 
pressure fell steadily. For the next 2 or 3 hours 
there was little change in the general condition of 
the patient, the cyanosis was less obvious and the 
respiration quieter. There were occasional spells of 
vomiting, retching and eructation of gas, inter- 
spersed with intervals of drowsiness. At 9:00 p.m., 
6 hours after the onset, the patient’s condition was 
considerably improved. Both systolic and diastolic 
pressures were higher and the respiratory rate was 
slower. These encouraging signs persisted for about 
4 hours. At 1:00 a.m., 10 hours after the embolism, 
there was a decided change for the worse. The 
blood pressure fell. Symptoms of air hunger re- 
appeared. The respiration became deep, and more 
rapid and the patient repeatedly attempted to sit 
up in bed. The anxiety and apprehension of a per- 
son dying of hemorrhage were apparent in her face. 
The patient was placed on the operating table and 
the operating team made ready for interference. 
From this time on the patient slowly lost ground. 
Her restlessness increased. She attempted to sit 
up on the operating table, and repeatedly asked for 
water. The air hunger, the restlessness, the thirst, 
the low blood pressure with a feeble, rapid pulse 
and the cold perspiration were remarkably similar 
to the symptoms that attend a severe hemorrhage. 
This impression was so vivid that we repeatedly 
examined the abdomen for signs that might confirm 
a diagnosis of concealed hemorrhage. There was, 
however, one striking difference between the pic- 
ture she presented and that of a patient dying from 
hemorrhage. The great veins in the neck became in- 
creasingly prominent and a venous pulsation was 
plainly visible. Consciousness began to be dulled 
although the facies remained apprehensive and the 
patient responded to questions. Purposeless move- 
ments appeared—plucking at blankets, turning head 
from side to side. An external strabismus developed. 
At 7:04 a.m. venesection was performed. Blood 
was withdrawn by syringe from a vein in the right 
ankle. The blood did not flow out under pressure, 
but was withdrawn slowly and with some difficulty. 
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Fig. 1. Clinical chart of patient during the 17 hour interval between a massive 
pulmonary embolism and death. Systemic blood pressure recorded in solid black, 
the upper border of which represents the systolic and the lower border the diastolic 


level in millimeters of mercury. 


By 7:37 a.m. 520 cubic centimeters had been with- 
drawn and citrated in anticipation of reinjection. 
The patient’s condition failed rapidly during this 
period. The pulse could no longer be counted at 
the wrist. The blood pressure readings were difficult 
to obtain and there was considerable decrease in 
pulse pressure. Examination of the chest at this 
time revealed that the lungs were resonant ante- 
riorly and laterally. The patient was not turned 
to examine the back. The breath sounds were harsh, 
but no rales were heard. The area of cardiac dullness 
was unchanged. By percussion the right cardiac 
border lay 1.5 centimeters lateral to the right sternal 
border. The heart sounds were very distant and 
could be heard only over the third and fourth left 
interspaces near the sternum. At 8:00 a.m. the 
blood pressure was 58/42. The pulse rate counted 
with the stethoscope over the precordium was 150 
per minute. The respiratory rate was 48 and the 
patient was semicomatose. At 8:05 a.m. the blood 
pressure could not be obtained. One minute later 
the skin incision was made and the Trendelenburg 
operation started, following in essential details the 
technique described by Meyer (4). The respirations 
became gasping with the start of the operation and 
soon ceased altogether. The pupils dilated. By the 
time the pericardium was opened, heart action had 
ceased. Seven minutes after the start of the opera- 
tion clots had been removed from the main stem 
and both branches of the pulmonary artery and the 
opening in the artery had been closed with the 


Trendelenburg clamp. Artificial respiration with in- 
halation of oxygen and carbon dioxide was kept up 
while attempts to restore the heart action by mas- 
sage and injections of adrenalin were made. All 
efforts to revive patient, however, proved futile. 
An autopsy was performed 3 hours later. The 
great veins contained no blood clots. The coronary 
arteries were patent. There were no antemortem 
clots within the heart or main trunk of the pul- 
monary artery. In the left pulmonary artery about 
4 centimeters below the bifurcation of the main 
trunk there was a grey, friable antemortem clot 
extending down into two or three of the smaller 
branches of the artery. This clot obstructed only a 
portion of the artery and was lightly adherent to 
its wall. The right pulmonary artery was free of 
antemortem clots except for a small thrombus 
2 centimeters long in a superior branch of the artery. 


In retrospect, and particularly in light of 
the experimental work already referred to, 
the mechanism of death in this case seems 
clear. The initial embolism reduced the out- 
put of the right heart and consequently that 
of the left by mechanically obstructing the 
flow of blood in the pulmonary artery. The 
blood backed up behind the site of obstruc- 
tion filling and distending the xeyfous system. 
The patient developed the clinical picture of 
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shock from a reduced effective blood volume. 
The sympathico-adrenal system was thrown 
into a state of intense activity with its classic 
train of symptoms, and death supervened as 
in hemorrhage or other conditions that are 
attended with an inadequate circulating blood 
volume. It is quite probable that the high 
venous pressure with the peripheral stasis 
that accompanied it resulted in a movement 
of fluid from the capillaries into the tissues, 
thus further reducing the blood volume. 

It is possible that the degree of obstruction 
produced by the initial embolism was aug- 
mented during the succeeding hours by other 
smaller thrombi or by clot propagation within 
the pulmonary vessels, but no direct evidence 
exists on this point. 

This case provides a slow moving-picture 
of a series of events that usually follow one 
another so closely that they cannot be isolated 
for analysis. 


Ill. PARTIAL OBSTRUCTION WITH DELAYED 
DEATH IN WHICH RIGHT HEART FAILURE 
IS A COMPONENT 


In descriptions of the Trendelenburg op- 
eration it is frequently stated that the pul- 
monary artery appears markedly dilated when 
the pericardium is opened. We ourselves have 
seen it so distended as to impinge upon the 
under surface of the sternum. Two cases have 
been encountered, however, in which the pul- 
monary artery was collapsed rather than dis- 
tended, although the heart was still beating. 
As the diagnosis of embolism was verified in 
each instance this finding can only mean that 
following an initial insult the right heart was 
unable to maintain a head of pressure suff- 
cient to distend the artery proximal to the 
obstruction; or that by the time the operation 
was performed the obstructing thrombus had 
moved on toward the periphery of the lungs. 
In either event the patient was dying not of 
obstruction to blood flow, but from failure 
of the right heart, precipitated by the em- 
bolus. It seems obvious that the competency 
of the cardiac musculature to meet the strain 
of a sudden partial occlusion of the artery 
may play a real réle in the mechanism of 
death. It would be of utmost importance to 
recognize such a state of affairs clinically as 


efforts might well be directed toward the restor- 
ation of a dilated and failing right heart rather 
than toward the removal of an embolus that 
played an important but transient réle in the 
disaster. Just how such a condition is to be 
recognized except by inspection of the pul- 
monary artery is difficult to see at the mo- 
ment. It is planned however, should a col- 
lapsed pulmonary artery again be exposed, to 
direct the immediate efforts toward restoring 
the heart by methods other than removing 
the embolus. This could well be done by a 
liberal bloodletting directly from the pul- 
monary artery and the injection of adrenalin, 
with the maintenance, of course, of an ade- 
quate supply of oxygen. 

The indication for venesection in the treat- 
ment of pulmonary embolism may well be 
mentioned at this point. If the right heart 
is dilated and failing, then venesection may 
aid it to recover its competency, even with 
the embolus still in situ. On the other hand, 
with an obstructing thrombus in the pul- 
monary artery, and a high head of pressure 
built up by the right heart that is acting to 
force blood past the obstruction, venesection 
can only be harmful by reducing this head 
of pressure. Venous pressure will be lowered, 
it is true, but only at the expense of a reduc- 
tion in what is already a dangerously ineffec- 
tive cardiac output. So unless a true under- 
standing of the situation can be reached 
and it is doubtful whether it can be clinically, 
it seems wise to refrain from venesection in 
the treatment of pulmonary embolism. 


THE TRENDELENBURG OPERATION 


The surgeon contemplating the perform- 
ance of the Trendelenburg operation when the 
occasion may arise must concern himself with 
many things: prompt and certain diagnosis, 
an organization for handling the situation as 
the most pressing of emergencies and finally, 
the technical performance of an exceedingly 
difficult and specialized procedure. 

A great number of failures must inevitably 
attend the bold attempt to deal with major 
pulmonary embolism by direct operative in- 
terference and there is no doubt that the 
ultimate solution of this distressing complica- 
tion of surgery must be found in the preven- 
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tion of the initial postoperative thrombosis. 
However, lives have been saved by the opera- 
tion, and until our knowledge of preventive 
measures is more perfect the surgical treat- 
ment of pulmonary embolism must command 
attention. The recent revival of interest in 
the Trendelenburg operation for massive pul- 
monary embolism followed the report of a 
successful case by Kirschner in 1924. Within 
a short time accounts have been published 
of other cases in which the operation was a 
life saving measure. Meyer, Nystrém, Cra- 
foord and other European surgeons have suc- 
cessful cases to their credit, but to date no 
survivals have been reported from America. 

Many well considered modifications of the 
original technique have been suggested by 
Meyer and by Nystrém and we may look 
iorward to further suggestions as the opera- 
tion is taken up by other hands. 

It is not our privilege to discuss the techni- 
cal features of the operation on the basis of 
unsuccessful cases, but we venture a few com- 
ments, some of them merely in corroboration 
of the suggestions of Meyer or Nystrém. 

1. Opening the pleural cavity is an error 
of technique to be carefully avoided. 

2. Given time, development of the skin 
flap with resection of the ribs and costal carti- 
lage and ligation of the internal mammary 
vessels may suitably be done under local an- 
esthesia as a preliminary step. 

3. The original Trendelenburg sound is 
needlessly large and clumsy, the clamp for 
closing the artery far too crude. Modified 
instruments have been found more suitable. 

4. Fragments of emboli that cannot be 
grasped by the forceps can be removed from 
the artery by a suction tube. 

5. An apparatus for carrying on artificial 
ventilation with oxygen under positive pres- 
sure should be at hand, preferably an intratra- 
cheal insufflation cannula as devised by Flagg. 

Although our enthusiasm is somewhat 
dampened by a series of 10 failures,’ we shall 
continue to recommend the Trendelenburg 
operation under favorable circumstances. The 
following facts are held constantly in mind: 
(1) Certain patients rally from the initial 
effects of embolism, and eventually recover 
1In 2 cases the Trendelenburg operation was by Dr. James C. White. 
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from what was apparently a moribund condi- 
tion. (2) Death may be impending from right 
heart failure initiated by an embolus, the 
mechanical effects of which have been tran- 
sient. (3) Diagnosis is difficult. (4) The oper- 
ation is technically difficult and hazardous. 

Nystrém wisely advises the postponement 
of operative interference until the patient is 
at the point of death. When uncertainty 
exists as to the diagnosis and prognosis this 
is undoubtedly the course to be pursued. It 
is obvious, however, that in the face of the 
gross damage to the circulation produced by 
a massive embolus, any unnecessary delay 
will materially lessen the chances of success. 
A study of the clinical course of certain pa- 
tients has emphasized this point, for certainly 
at times in our hands the procedure could per- 
haps be more properly termed an immediate 
postmortem examination than a surgical op- 
eration. If the time of the operation is to be 
advanced, a greater responsibility is to be 
assumed by the surgeon, and a greater surety 
in diagnosis must be developed. With this 
in view, an effort has been made both in the 
clinic and the laboratory to gain a better 
understanding of the nature of the underly- 
ing disturbance of the circulation. When such 
a concept is clearly established the signs and 
symptoms observed at the bedside become 
more intelligible, and the indications for op- 
eration more readily discerned. 
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UNATTACHED RETROPERITONEAL FIBROMA' 
JOHN A. WOLFER, M.D., F.A.C.S., Cutcaco 


REPORT OF A CASE 


cal men an impression that the majority 
of retroperitoneal tumors, unless grow- 
ing from or involving the kidney, are sarco- 
mata. The fact that many of the patients 
suffering from retroperitoneal tumors lose 
weight very rapidly, the decline of the patient 
being synchronous with a period of rapid 
growth of the tumor, further adds to this con- 
ception. As a result a large number of patients 
afflicted with the disease are either not treated 
surgically or if treated are too frequently con- 
demned by the operating surgeon for lack of 
understanding of the true nature of the tumor. 
My experience during the past few years 
has led me to believe that a considerable 
number of retroperitoneal tumors are not sar- 
comata and that their removal is possible 
although at times fraught with considerable 
hazard because of their size. I have had the 
opportunity to see 5 cases within a period of 
less than 2 years. One was a pure lipoma; 1, 
an enormous fibrolipoma weighing 64 pounds; 
I, a pure fibroma; 1, an echinococcus cyst the 
size of a medium sized grape-fruit; and 1, a 
sarcoma. In all these cases the patients were 
operated upon, and 3 were cured. The case with 
the large fibrolipoma and the one with the sar- 
coma came to autopsy soon after exploration. 
The opportunity thoroughly to study the 
case presenting the fibroma dura leads to the 
presentation of the subject. 


"['ssine is prevalent among many medi- 


F. L. E., white male, aged 31 years, came under 
observation on October 16, 1932, complaining of an 
enlargement of the abdomen. The family history, 
habits, and the marital history were negative. There 
was nothing in the past history of consequence except 
an automobile accident in 1928 at which time he 
suffered a bilateral fracture of the clavicles. 

Approximately 5 years ago patient first noticed 
attacks of fullness in the abdomen which he attrib- 
uted to gas in the intestines. These attacks were of 
little consequence and came at intervals. One year 
ago he began having attacks of abdominal cramps 
which affected the upper abdomen. They occurred 
practically every day, were irregular as to the time of 
appearance, and did not seem to be associated with 


the taking of food although they were more likely to 
occur after meals. The cramps were at times relieved 
by a bowel movement or the passing of flatus. 
Soda or alkalies did not relieve the pain, and he 
noted that the taking of more food increased the 
pain rather than relieved it. His bowels were, as a 
rule, constipated and the stools were frequently hard. 
He had never been jaundiced and the appetite was 
good. There was no discomfort with urination. 
About 6 months before entering the hospital he first 
noted a tumor mass in the left side of the abdomen. 
Upon close questioning, the patient stated that he 
thought the left side of the abdomen had been more 
prominent the past 3 or 4 years but he paid little 
attention to this fact. However, during the past 6 
months there had been a distinct and progressive 
enlargement. During the period of 2 or 3 months 
before entering the hospital he was much annoyed 
by the abdominal distention which caused him 
shortness of breath when lying down or when 
exerting himself; moreover, the pain had been more 
severe and frequent and distinctly of a cramp-like 
nature. Any constriction such as a belt about the 
abdomen was uncomfortable. He perspired at 
night, became very nervous, and tired easily. 

Physical examination. The general examination 
revealed an adult white American male about 32 
years of age who did not appear to be critically sick. 
He was somewhat ill at ease and apprehensive. 
Temperature was 97.6 degrees; pulse, 72; and res- 
pirations, 16. He weighed 158! pounds. His high- 
est adult weight was 171 pounds in 1919 and lowest 
147 pounds in 1926. His weight 1 year before was 
160 pounds. The physical examination, aside from 
the abdomen, was negative except for some infected 
teeth, slight nasal obstruction, and a moderate 
enlargement of the thyroid gland. 

The abdomen was quite protuberant but no 
dilated veins could be seen in the abdominal wall. 
There could be felt a firm, rounded, fairly regular 
mass which occupied the left side of the abdominal 
cavity and extended to the right side of the abdomen 
for a distance of 3 inches at the level of the umbilicus. 
Its lower margin crossed the midline about 2 inches 
below the navel and extended well down into the 
left lower abdomen. The flank on the left side was 
bulging but the protuberance was more anterior 
than posterior. The mass had no respiratory excur- 
sion, being fixed and extending high up under the 
costal margin. Along the anterior right surface of 
the tumor could be felt a notch. Crossing the 
anterior surface of the tumor there could be felt a 
sausage-like mass which had slight movability and 
gave one the impression that it was the transverse 
colon. The spleen and liver could not be palpated. 


1From the Department of Surgery, Northwestern University Medical School 
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Rectal examination was negative. No enlarged 
lymphatic glands could be palpated and there was 
no oedema of the extremities or scrotum. 

Laboratory data. The electrocardiogram was es- 
sentially normal. Two Wassermann tests were nega- 
tive. Five urinary examinations failed to reveal any 
pathological findings. The red blood cells num- 
bered from 4,120,000 to 4,710,000, leucocytes from 
6,700 to 8,300, hemoglobin 80 to 85 per cent. The 
differential white count was within the normal per- 
centages. No pathological cells were found. The 
coagulation time of the blood was 5 minutes. Blood 
non-protein nitrogen was 30.9; creatinin, 1.6; and 
blood sugar, 92.3. Examinations of three specimens 
of feces showed no blood, mucus, parasites, ova, or 
protozoa. Fractional gastric analysis revealed a low 
acidity; the free acid ranging from o to 12 and the 
combined acid from 10 to 24. Blood was reported in 
one specimen. The urine dilution and concentra- 
tion tests were within the normal. Thirty per cent 
of the dye was eliminated in 2 hours. 

A roentgenological examination of the gastro- 
intestinal tract showed that the barium passed the 
cesophagus without resistance. The stomach was on 
the right side and was pushed over almost to the 
right lateral abdominal wall (Fig. 1). The curvatures 
were regular. The duodenal bulb filled and showed 
no evidence of abnormality. The small bowel was 
displaced to the right and downward so that the left 
side of the abdominal cavity appeared to be empty. 
The colon with a barium enema revealed the splenic 
flexure at the level of the crest of the ileum, the 
transverse colon coursing abruptly to the right and 
ascending to the right of the spine (Fig. 2). A 5 
hour film showed a small gastric residue (Fig. 3). 
Pyelography with the intravenous dye revealed a 
normal kidney pelvis on the right side but none was 
visible on the left side (Fig. 4). Roentgenological 
examination following retrograde pyelography re- 
vealed a normal right kidney but on the left side the 
catheter passed upward to the level of the third 
lumbar vertebra. At this point it took a sharp bend 
to the right and proceeded downward along the right 
side of the spine. The injection of the left kidney 
pelvis showed a dilated pelvis overlying the intra- 
vertebral disc between the fourth and fifth lumbar 
vertebre and to the right of the spines of the ver- 
tebral bodies (Fig. 5). It was evident that the left 
kidney was pushed downward and to the right by a 
mass occupying the left retroperitoneal space. The 
same mass displaced the stomach to the right and 
the intestines downward and to the right. 

A brief summary of the study of this case revealed 
the following: A large abdominal mass which displac- 
ed the intestines and the kidney downward and to 
the right. This mass had been present for 6 months 
as far as the patient knew but had caused symp- 
toms, if the history is correct, for approximately 
5 years. The mass was fixed and large. There 


were no other physical findings of note except an en- 
larged thyroid gland. The patient’s general con- 
dition was good although he had lost some weight. 


There was no evidence of a cachexia. The blood 
and urine were normal. 

An enlarged spleen was ruled out on the basis of 
the displacement of the left kidney, and, because of 
the peculiar and characteristic shifting of the gastro- 
intestinal tract, the tumor was believed to be 
retroperitoneal. With the long history of symptoms 
and the relatively good condition of the patient the 
tumor was believed to be a benign one and a diag- 
nosis of retroperitoneal lipoma was made because of 
the relative frequency of this type of tumor among 
the retroperitoneal group. 

The patient was operated upon November 9, 1932, 
under spinal anesthesia. An incision was made 
extending from well out in the left flank, transversely 
to beyond the midline, 1 inch above the umbilicus. 
The muscles were sutured to their fascia as they 
were cut. The peritoneal cavity was opened at the 
reflection of the peritoneum along the anterior sur- 
face of the tumor. The spleen was normal in size and 
pushed high up under the diaphragm. An accessory 
incision was made upward from about the middle of 
the left rectus muscle to the costal margin giving an 
adequate exposure. The posterior peritoneum with 
the descending colon was separated from the tumor 
by blunt finger and hand manipulation. The tumor 
appeared to be smooth and rather loosely attached 
to the surrounding structures so that it could be 
separated quite easily. Because of the enormous 
size of the tumor it had to be enucleated blindly, the 
hand being introduced around it. At the upper 
pole of the tumor the procedure was quite difficult 
because of the tight compression of the tumor 
against the diaphragm; however, with care and 
without force, the line of cleavage being followed, 
the tumor was finally completely freed. In spite 
of a very large incision and with good relaxation of 
the abdominal wall, the tumor had to be pried out 
at the lower pole and then, being grasped, it was 
withdrawn. When the tumor was delivered it was 
found that a strand of loose areolar tissue contain- 
ing two veins, which were approximately one-half 
inch in diameter, led from the posterior peri- 
toneum to the tumor. These veins were ligated 
and cut, thus completely freeing the tumor. It was 
interesting to note that the veins did not course over 
the surface of the tumor but emerged from the tumor 
by a sharp right angle turn without any surface con- 
tributaries (Fig. 6). 

The right kidney was found lying low in the 
abdominal cavity but it readily assumed its normal 
position; in fact, all intra-abdominal structures 
resumed their relatively normal positions so that 
before an attempt was made to close the incision the 
enormous cavity which had been occupied by the 
tumor was completely obliterated. After a few small 
vessels were ligated the field of operation seemed dry. 
The incision was closed by interrupted catgut su- 
ures and, strange to say, some difficulty was en- 
countered because of tension. A Penrose drain was 
placed in the lower end of the wound. The early 
convalescence was uneventful and there was little 
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drainage. Twelve days after the operation the 
patient began complaining of pain in the left lower 
chest and the left upper abdomen and a slight fever 
was present. Upon examination an area of dullness 
was found in the left lower chest. It appeared that 
there was either an accumulation of fluid in the left 
pleural cavity or the diaphragm was pushed up by 
some process. A roentgenological examination was 
interpreted as some process elevating the dome 
of the diaphragm on the left side. A cautious 
exploration was made of the left subphrenic space 
but no evidence of subphrenic pathology could be 
found. A needle was then introduced into the left 
pleural cavity and dark bloody turbid fluid was 
aspirated. This fluid yielded a positive culture of 
Staphylococcus albus. A rib resection was done and 
drainage was instituted. Subsequent to this with 
lavage of the intrathoracic cavity the fluid escaped 
through the abdominal wound indicating a perfora- 
tion of the diaphragm. The process gradually sub- 
sided so that within a period of 2 months the wound 
was practically closed. The patient gained materially 
in weight and felt quite well. We are unable to 
explain the perforation of the diaphragm. 

A study of the tumor showed it to be well encap- 
sulated. Its surface was relatively smooth and there 
were no vessels coursing over the surface. It was 
firm to touch. It measured 32 centimeters in length 
and 68 centimeters in circumference and weighed 
1612 pounds (Fig. 7). On cut section the surface 
was found to be white and firm with no areas of 
degeneration. Microscopically the tumor was every- 
where composed of long spindle shaped cells with 
slender, deeply staining nuclei and relatively little 
cytoplasm (Fig. 8). The microscopic picture varied 
somewhat in different parts of the mass. In places 
the nuclei were few in number and the cells were 
separated by thick wavy fibrille which stained deep 
red with Van Gieson’s, and dark blue with Mallory’s 
aniline blue stains (Fig. 9). Scattered through the 
sections were areas in which the cells were more 
numerous and the intercellular substance less 
abundant (Fig. 10). In other locations the cells were 
separated by spaces filled with thin, homogeneous, 
very palely staining material—cedema (Fig. 11). 
Blood vessels were not numerous and their walls were 
well formed and normal in appearance. No mitoses 
and nothing that could be identified as nerve tissue 
could be found in the sections. 

This tumor is therefore a pure fibroma growing in 
the retroperitoneal space and because of its loose 
attachment can be classed as unattached. 


In discussing the subject of retroperitoneal 
fibroma, those tumors obviously arising from 
the kidney, adrenals, or the retroperitoneal 
lymph glands either primarily or secondarily 
as metastases will not be considered. How- 


ever, the benign tumors such as lipoma, 
fibromyoma, neuroblastoma, teratoma, and 
cysts must be included because of the simi- 
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larity of the clinical symptoms and the ques- 
tion of the origin of the tumor. 


ETIOLOGY 


According to Ewing the origin of most 
fibromata is still a question. He believes it 
possible that some take their origin in mis- 
placed islands of tissue as suggested by Cohn- 
heim and calls attention to cases of fibroma of 
the testes in which elements suggesting that 
the tumor represented a one-sided develop- 
ment of a teratoma were found. This latter 
suggestion has a close bearing upon retroperi- 
toneal fibromata as will be mentioned later in 
this paper. Ewing mentions a second group 
which may follow local irritation or disturb- 
ances in nutrition. In this group may be men- 
tioned keloids, papillary fibromata, and adeno- 
fibromata of the mucous membranes asso- 
ciated with catarrhal inflammation and fibro- 
mata of the periosteum and joint areas which 
follow repeated trauma. In the third group, 
according to Ewing, the clinical features point 
to a congenital or acquired predisposition, 
multiple neurofibroma being the best example. 

The mixed nature of most retroperitoneal 
tumors strongly suggests an origin upon a 
congenital rest basis. Moreover, the fre- 
quency of tumors such as teratomata and 
dermoid cysts in this region further strength- 
ens the theory. Bonnet directs attention to 
the close relationship between various mixed 
tumors, embryoma, dermoid, teratoma, and 
abortive parasitic structures and concludes 
that the difference is more a relative matter 
than one of principle. 

When one considers the embryological rela- 
tionship of the retroperitoneal structures it 
becomes apparent that the theory of Bonnet 
and Marchand is not far fetched. Kuester, in 
his book on the surgery of the kidney, states 
that in the latter part of the second month of 
the human embryo the entire space between 
the diaphragm, pelvis, and the spine is occu- 
pied by the adrenals, kidneys, and reproductive 
glands. The adrenals and reproductive glands 
are so large as to cover the kidney completely. 
While the kidney remains in its position and 
increases in size, the adrenals take a higher 
position and increase little if any in size. With 
the increase in the length of the body the 
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reproductive glands begin their descent—not 
increasing in size as rapidly as do the kidneys 
—and become differentiated into testes and 
ovary; by the fifth month they lie in the inlet 
of the pelvis well out of the original zone. 
Goebell states that during the re-arrangement 
of these organs parts of the adrenals or repro- 
ductive glands may become detached and 
remain in the retroperitoneal space. Acces- 
sory ovaries have been found and Wiesel states 
that in 76.5 per cent of the male newborn 
accessory adrenals or epididymal structures 
are to be found. In the amphibians, accessory 
adrenals are exceedingly common. 

Schwalbe cites two possible explanations 
for tumor formation from retained fetal struc- 
tures. The retained cells have the prospective 
potential and the prospective tendency to 
form tumors. He cites as an example of the 
biological principle, the inactive tooth anlage 
in the fetus which lies dormant for from 6 to 
25 years having during this time the poten- 
tialities to form a tooth. Secondly, the retained 
cells have the potential to form only a tumor 
and remain latent. At some time through 


either chemical or physical stimuli they may 


become activated and form tumors. 

There is an evident possibility for the tumor 
to be originally of a mixed type and later due 
to either an overgrowth of one type of tissue 
due to its inherent tendency to grow or to a 
stimulus of some other nature, it may take 
on the cellular characteristics of a pure tumor. 
The specific original cells may supply the 
stimulus to growth. 

In the case reported the tumor derived its 
blood supply or at least drained its blood 
supply through vessels attached to the 
posterior peritoneum; therefore it may be pos- 
tulated that the tumor originated in some 
tissue elements of the peritoneum. It is 
known, however, that the tissue lying between 
the leaves of the mesentery and the broad 
ligaments was originally retroperitoneal tis- 
sue; therefore, a residuum may have been car- 
ried into the mesentery along with the blood 
vessels or the blood vessels of the cell rest may 
have been carried into the mesentery, thus 
accounting for the anatomical picture. 

Neurofibromatosis offers a condition which 
must be of interest to any one who concerns 
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himself with the etiology of tumors, especially 
fibromata. According to Kaufmann, the con- 
dition is conceded to be on a congenital basis. 
There is a distinct pattern in the constitu- 
tional manifestations; anomalies in the osseous 
system and disturbances of intelligence are 
common and the tendency to form fibromata, 
myxofibromata, and sarcomata is present. 
Kaufmann states that the disease usually 
manifests itself first by the presence of skin 
pigmentations and skin tumors. Frequently 
pigmented skin anomalies as well as pale 
nevi, adenomata of the sebaceous glands of 
the face, and all types of nevus-like growths 
are present. Brain lesions often appear in the 
wake of this pattern and tumors of the nerves 
as well as tumors of the gastro-intestinal tract 
may follow. These tumors which may arise 
on a congenital basis are a part of the clini- 
cal picture of neurofibromatosis and are of 
interest because of the close resemblance to 
true fibromata. Grossly they are practically 
identical and microscopically they can at 
times be differentiated only by special stains; 
in fact, Kaufmann states that pure fibromata 
may grow from either the perineural or endo- 
neural connective tissue. Verocay believes 
that the tumor consists of a structure the re- 
sult of a multiplication of the cells of Schwann 
and that it is not connective tissue since it does 
not stain red by Van Gieson stain; on the 
contrary it takes a yellow stain. 

In 1932, Hausmann and Budd reported a 
series of 17 cases of massive unattached retro- 
peritoneal tumors of urogenetic origin. In this 
series there was no case of fibroma but two 
fibrosarcomata. Our attention was drawn to 
the fact that they reported 2 cases of retro- 
peritoneal chorio-epitheliomata, both in males. 
They stress the urogenic fetal rests and con- 
clude from their own experience and from. 
evidence obtained from the literature that 
almost all tumors which occur in adult urogen- 
ital organs may occur free along the course of 
development of the urogenital apparatus and 
that these free tumors arise from remnants of 
the urogenital apparatus is the most logical 
explanation of their histogenesis. 

The theory of Ewing relative to the origin 
of fibromata in general can be applied to 
retroperitoneal fibromata. Misplaced islands 
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of tissue, the cells of which possess the poten- 
tial to growth, may lead to tumor formation; 
moreover, specific cells such as epithelial cells 
may by their presence or due to the products 
of their metabolism stimulate the connective 
tissue to localized growth much as an irrita- 
tion produces fibromata of the mucous mem- 
branes. When the process is once activated, 
the primary cells may become inactive or 
disappear and the process may continue to the 
formation of large tumors of a secondary type. 


CASES IN THE LITERATURE 


Cases of pure retroperitoneal fibroma are 
extremely rare. In 1901, Goebell in searching 
through the literature was able to find refer- 
ence to only 7 cases. Of these several are 
questionable, as example, the first case which 
was reported by Beveridge. The original 
report published in 1870 includes no micro- 
scopical examination but it was stated that 
the growth was suspiciously a neurofibroma. 
Buschmann’s case was a fibromyoma and the 
one reported by Bruntzel, a fibrolipoma. 
Moericke’s case appeared to be a fibrous tumor 
but no microscopical examination was in- 
cluded in the report. In one of Joubert’s cases 
no microscopical examination was made. Since 
1901, I have been able to find the report of 
only 4 cases of pure retroperitoneal fibromata. 
Childe, in 1913, reported the removal of a 
fibroma with myxomatous areas weighing 
34.75 pounds; Graham in 1916 removed a 
fibroma the size of a large grape-fruit but 
stated that the tumor was attached to the 
colon which necessitated a bowel resection. 
This was most likely a myofibroma of the type 
described by me in 1928 under the topic of 
“Leiomyomata of the Intestines.’”’ Magoun, 
in 1919, reported from the Mayo Clinic that 
during the period from 1907 to 1919 among 
73 non-metastatic retroperitoneal tumors, 1 
fibroma was encountered. Ogilvie in 1923 re- 
ported from the ¢linic of Rowlands an instance 
of a tumor 2% by 4 inches removed from 
retroperitoneal space. Microscopic examina- 
tion showed it to be a fibroma with much 
necrosis. Several suspicious cases in the litera- 
ture lack microscopic verification. 

A relatively large number of benign retro- 
peritoneal tumors of other types are reported 


in the literature. In 1910, Vegesack in search- 
ing the literature found reference to 58 cases 
of pure lipoma and added one of his own. He 
found an additional 50 cases of mixed benign 
tumors. Of this series, 74.2 per cent were in 
females and 25.8 per cent in males. In 1921, 
von Wahlendorf tabulated 153 proved cases 
of benign retroperitoneal tumors; 72 per cent 
were in females and 28 per cent in males. Of 
the total number 46 per cent were pure 
lipomata and 54 per cent mixed tumors. Of 
the mixed, 20 per cent were fibrolipomata, 10 
per cent myxolipomata, 10 per cent fibro- 
myxolipomata, and 14 per cent showed evi- 
dence of early sarcomatous changes. In 1932, 
Bettman and Serby reported the removal of 
a retroperitoneal lipoma weighing 22.5 pounds 
and Koch recently removed a very large lipo- 
ma. The common tumor is of the mixed type 
often with myxomatous changes. Ganglio- 
neuromata have been reported and various 
cysts and teratoma-like tumors are encoun- 
tered. 
SYMPTOMS AND SIGNS 

The symptoms produced by the various 
types of benign retroperitoneal tumors are 
quite similar. They depend upon the location 
of the tumor, whether the tumor is large or 
small, and whether it is growing rapidly. In a 
large percentage of cases the earliest symptom 
is a vague sense of weight and distress in the 
abdomen. The distress may be present for a 
considerable period of time, extending at 
times over a period of years, as is illustrated 
in the case just reported. The distress may 
bear a relationship to the intake of food, the 
bowels may be irregular, and the discomfort is 
often attributed to faulty elimination. Cohn 
states: ‘‘ The symptoms caused by a retroperi- 
toneal growth are dependent on the location of 
the growth. Proximity to the cceliac plexus 
causes digestive phenomena whereas growths 
even of larger size in other locations may not 
cause digestive disturbances.’ The dyspeptic 
symptoms present in many cases are often 
transitory and do not appear to be produced 
alone by pressure. In the instance reported 
by Childe in which a tumor weighing 34.75 
pounds was removed, he states: “Bilious 
attacks and constipation formerly complained 
of disappeared with the growth of the tumor.”’ 
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Pain sooner or later makes its appearance. 
It may be produced in a number of ways and 
be variable in character and location. Pres- 
sure of the tumor upon the intestinal tract 
may produce cramp-like abdominal pains sug- 
gestive of incomplete intestinal obstruction. 
A referred pain may be an early symptom. 
This pain which is referred to the leg or foot 
or to the testicle on the affected side is due, 
probably, to compression of the nerve trunks 
of the lumbar or sacral plexus. Stratton called 
attention to this phenomenon in his case in 
which a very large fibromyxoma with sarco- 
matous changes was removed. The pain was 
referred to both the leg and testicle on the 
affected side. Bruntzel also reported that his 
patient began having pain in the foot and 
thigh on the affected side when the tumor 
began growing rapidly. A type of pain sug- 
gestive of obstructive hydronephrosis may be 
present. In one case reported by Goebell, the 
decrease of urinary output of the patient was 
associated with severe pain on the affected 
side. Increase of urinary output was synchro- 
nous with relief or amelioration of the pain. 
Bladder pain may be present when the tumor 
lies deep in the pelvis and compresses the 
bladder. 


(Edema of the penis or the extremity or 
scrotum on the affected side is constantly 


referred to in the literature. In his report 
Beveridge stated that the first symptom noted 
in his case was a swelling of the right leg and 
thigh. A month later an enlargement of the 
abdomen was observed. In the case reported 
by Johnson, the swelling of the scrotum was 
more marked at night. Goebell, Douglas, and 
others stress the importance of the unilateral 
cedema and believe it due to pressure of the 
tumor upon the vena cava. Cohn believes 
that a right sided growth readily produces 
cedema whereas a left sided lesion may not be 
associated with cedema of the extremities. In 
my case there was no oedema present during 
the period of observation nor was there a 
history of oedema. If the cedema is caused by 
compression on the vena cava, its absence in 
my case can be readily explained because of 
the position of the tumor on the left side with 
the vena cava and pelvic vessels compara- 
tively unmolested. 


Occasionally urinary symptoms are encoun- 
tered. This symptom is usually present when 
the tumor lies low in the abdomen or becomes 
wedged in the pelvis. Stratton’s second case 
quite early in its course presented pain and 
pressure symptoms referable to the bladder 
with frequency and burning. As referred to 
previously, symptoms suggestive of hydro- 
nephrosis may be present. Goebell noted in 1 
case a variable daily urinary output suggestive 
of obstruction. It is instructive to note, how- 
ever, that in most of the cases of benign retro- 
peritoneal tumors even when very large, the 
urine was normal. 

Retroperitoneal masses may be associated 
with a chylous ascites and chylous pleural 
effusions as cited by Cohn in his case. 

Very commonly benign retroperitoneal 
tumors possess irregular growth. They may 
grow slowly for a period of years and then 
suddenly increase in size very rapidly. This 
phenomenon does not mean, of necessity, a 
malignant change. It was present in my case. 
Bruntzel, Beveridge, and others have called 
attention to this phenomenon in reporting 
cases of benign retroperitoneal tumors. No 
doubt a hemorrhage into the tumor or types 
of degeneration may bring about a rather 
sudden enlargement. The progressive and 
rapid enlargement of the tumor is associated, 
in practically every instance, with a decline 
in the patient’s general condition. Weakness, 
loss of weight, malaise, and an anemia may 
supervene. A sallow skin suggestive of a 
malignant cachexia may be present. In the 
late stages, the general decline of the patient’s 
health predisposes him to intercurrent infec- 
tion or fatal nutritional disturbances. 


PHYSICAL FINDINGS 


The physical findings will vary with the size 
and location of the tumor. Early when the 
tumor is small it is easily overlooked, since the 
symptoms may be referred to a distant part 
of the body and may in no wise indicate the 
true nature of the disease. In the majority of 
cases a tumor will be found lying deeply in 
the abdomen. It is usually movable, more in 
the transverse than in the vertical plane of the 
body. As the tumor increases in size it tends to 
become fixed. Lipomata are often irregular in 
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contour and may be soft in consistency. Some 
may be soft and give to the palpating finger 
the sense of fluctuation. In several cases 
reported,a diagnostic puncture had been made 
in the belief that the tumor was a cyst. No 
less a master than Billroth was confused by 
such a case. Not all lipomata are soft, how- 
ever. The fibroma is usually rather firm and 
resistant to pressure and is more likely to be 
smooth as was true in the case just reported. 


The diaphragm may be pushed upward and: 


immobilized by the tumor when the latter lies 
high in the abdominal cavity. Displacement 
of the abdominal viscera is invariably present 
when the tumor attains large dimensions. The 
displacement varies with the location of the 
tumor and especially with the site of origin of 
the tumor. The intestines, as a rule, are 
pushed forward and downward and then to 
the opposite side as seen in my case. If the 
tumor takes its origin above and behind the 
kidney, this organ will be pushed downward or 
to the opposite side. Mathews reported a case 
giving no symptoms except an enlargement of 
the abdomen. The spleen was displaced up- 
ward and the kidney was pushed forward so 
that it lay in contact with the anterior abdom- 
inal wall. In the case reported by Baxter, a 
tumor on the right side displaced the right 
kidney to the left of the spine, the kidney 
being rotated on its axis so that the pelvis of 
the kidney faced to the right. In this instance 
the kidney was completely embedded in the 
tumor. Opaque material in the gastro- 
intestinal tract and the genito-urinary system 
with roentgenological study gives invaluable 
information in localizing the tumor. It should 
be stressed that in every instance of retroperi- 
toneal tumor a thorough study should be 
made of both kidneys since it happens at times 
that the kidney on the affected side may be 
involved in the tumor necessitating its removal. 

When the tumor reaches a very large size so 
as to fill a good share of the abdominal cavity, 
its origin or point of primary attachment can- 
not be determined. In my case the tumor 
occupied almost the entire left side of the 
abdominal cavity and extended to right side. 
It was assumed that it took its origin in the 
region of the upper pole of the left kidney 
since the left kidney was carried down to the 
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pelvic inlet. Since the kidney function on the 
affected side was normal it was assumed that 
the tumor did not involve the kidney sub- 
stance. Such large tumors are difficult to 


outline or detine. They become fixed due to 
lack of space and impingement against the 
spine, abdominal wall, and the diaphragm. 


DIAGNOSIS 


_ The diagnosis of retroperitoneal tumors is 
difficult in many instances. When the tumor 
is small, the posterior position with rather free 
movability is suggestive, yet intraperitoneal 
tumors may possess this characteristic. The 
majority of errors involve ovarian cysts, 
tumors of the kidney, retroperitoneal sarcoma, 
and splenic enlargements. The kidney can, in 
most instances, be eliminated by a careful 
functional study with intravenous or retro- 
grade pyelography; moreover, most kidney 
tumors sooner or later present pathological 
urinary findings. Splenic tumors are more 
difficult to differentiate. In my case a diag- 
nosis of splenomegaly had been made prior 
to admission to the hospital. A careful ex- 
amination of the physical characteristics of 
the tumor and blood studies should, in the 
majority of instances, make the differentia- 
tion. A splenic tumor will not displace the 
left kidney. Large ovarian cysts or tumors 
and pedunculated uterine fibroids may be 
confused with retroperitoneal tumors. These 
tumors are more movable than retroperitoneal 
tumors which extend into the pelvis, and it is 
often possible to ascertain a point of attach- 
ment to the pelvic adnexa. 

Such tumors as mesenteric cysts, tumors of 
the omentum, are difficult to differentiate from 
retroperitoneal tumors. A carefully conducted 
roentgenological study of the gastro-intestinal 
tract will not reveal the characteristic dis- 
placement of the intra-abdominal organs, 
neither will the kidneys be displaced. Cysts of 
the pancreas are more fixed and have a tend- 
ency to protrude anteriorly. 

Retroperitoneal sarcoma is the usual diag- 
nosis made in the presence of a benign tumor. 
Early in its course this type of tumor is often 
encapsulated and movable. It grows rapidly 
but no more so than does a benign tumor. The 
one referred to early in this paper was present 
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Fig. 1. 

Fig. 1. Roentgenogram showing the displacement of the 

‘omach to the right and anteriorly and the small bowel 
-ownward and to the right. 

Fig. 2. Roentgenogram showing the displacement of the 

.olon. The splenic flexure is below the iliac crest and 


'n a well nourished individual; there had been 
10 loss in weight and subjective symptoms 
were practically absent. These factors led 
me to make a diagnosis of a benign tumor. 

Buettner stressed three points in the diag- 
nosis of benign retroperitoneal tumors: (1) 
the exact location where the tumor was first 
noticed; (2) whether there is a connection 
with the genital organs; (3) the topographic 
displacement of the intestines. 


TREATMENT 


A study of the literature indicates that the 
diagnosis of benign retroperitoneal tumor is 
rarely made; however, with careful study, I 
believe that in a considerable number of cases 
the tumor may be recognized or at least a 
strong suspicion may be aroused. New 
methods of study and an understanding of 
the condition will lead to more correct diag- 
noses. It is my firm belief that all cases of 
abdominal tumors should be explored in spite 
of size, location, or preconceived ideas rela- 
tive to the nature of the tumor. A compara- 
tively small tumor may produce symptoms 
which strongly suggest a malignant process. 


Fig. 2. 


Fig. 3. 
the transverse colon courses to the right and upward. 
Fig. 3. Roentgenogram showing a small 5 hour gastric 
residue, also the displacement of the small bowel to the 
right and downward. This film also shows an opaque 
ureteral catheter in the left ureter. 


However, in spite of the suggestion, an at- 
tempt should be made to determine definitely 
the nature of the process and an equally intel- 
ligent attempt should be made to remove it 
if advisable. The very large benign tumors 
carry a high mortality rate when operated 
upon yet, in many instances, removal has been 
carried out with little operative reaction. 

In my case spinal anesthesia was used be- 
cause of the relatively good condition of the 
patient and with the knowledge that relaxa- 
tion of the abdominal wall would be an inval- 
uable asset. The type of incision will depend 
upon the size and location of the tumor. In 
the presence of a large tumor, the transverse 
incision with an accessory vertical incision 
gives good access to the retroperitoneal space. 
The counter incision may be carried upward 
or downward or both as needed. Suturing the 
muscles to their fascia prevents retraction of 
the muscle fibers and materially assists when 
the closure is done. In my case the peri- 
toneal cavity was deliberately opened in order 
to determine the anatomical situs of the 
tumor, since a splenic tumor was suspected 
before the final diagnosis was made. 
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Fig. 4, left. Roentgenogram taken after an intravenous injection of skiodan. 
The pelvis of the right kidney appears normal, the left is not visualized. 

Fig. 5. Roentgenogram showing a catheter in the left ureter with an injection 
of the pelvis of the displaced left kidney. The pelvis lies to the right of the 
posterior spinous processes, the center overlying the intravertebral disc between 


the fourth and fifth lumbar vertebre. 


In most instances the tumor is well encap- 
sulated. Therefore if the line of cleavage is 
found the enucleation is easy. However, 
gentle separation must be insisted upon be- 
cause blood vessels, usually veins, of great 
size, may enter the tumor and should such 
large vessels be torn in an inaccessible region 
such as behind or at the upper pole, fatal 
hemorrhage may ensue. The case reported 
by Buschmann which was operated upon by 
Billroth seemed cystic, so a trochar was 
inserted to evacuate the fluid. Profuse bleed- 
ing followed and it was later discovered that 
the trochar punctured one of the large veins 


Fig. 6. Drawing illustrating the manner in which the 
veins made their exit from the tumor. 


which coursed over and through the tumor. 
Some of the veins were as large as the col- 
lapsed small bowel. In Beveridge’s case the 
right iliac vein was completely involved. As 
was mentioned earlier in this paper, the kid- 
neys should always be studied relative to their 
individual function since at times it becomes 
necessary to remove one when it is involved in 


Fig. 7. Photograph of the tumor, a pure retroperitoneal 
fibroma weighing 16.5 pounds. It measured 32 centimeters 
in length and 68 centimeters in circumference. 
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Fig. 8. Photomicrograph showing the long spindle 
shaped cells characteristic of a fibroma. X 120. 

Fig. 9. Photomicrograph showing few nuclei and the 
hick wavy fibrille which stained deep red with Van 
Gieson’s and dark blue with Mallory’s aniline blue stains. 
X 310. 

Fig. 10. Photomicrograph of an area of the tumor 
where the cells are more numerous and the intercellular 
substance less abundant. X 310. 


the tumor. In Bruntzel’s case the tumor was 
attached to the left kidney necessitating its 
removal. Childe was able to strip the tumor 
from the kidney, to the capsule of which it was 
attached. Koch recently had to remove the 
kidney because it was involved in a large 
lipoma. 

Occasionally the tumor has a pedicle of 
some size which requires section. This pedicle 
should be brought into view, clamped, and cut. 
Blunt, blind tearing may cause damage to 
important structures or lead to profuse, often 
fatal, bleeding. Great care should be exer- 
cised in separating the posterior peritoneum 
from the tumor for fear of injuring the blood 
supply or continuity of the bowel. In my case 
there was a loose areolar connection between 
the tumor and the posterior peritoneum, the 
thin filmy tissue containing two very large 
veins. This attachment was not visualized 
before displacement of the tumor, yet it could 
be felt during the process of enucleation. This 
incidence again emphasizes the necessity for 
care in the process of enucleation of the tumor. 


Fig. 11. Photomicrograph showing the cells to be 
separated by spaces filled with thin, homogeneous, very 
palely staining material (cedema). X 320. 

All bleeding or oozing points should be care- 
fully ligated to prevent the formation of a 
hematoma. In most instances with the trau- 
ma due to the removal of the tumor there is a 
considerable fall in the blood pressure. The 
reactionary rise may take place soon after the 
conclusion of the operation and extensive 
bleeding may ensue. In my case it was inter- 
esting to note the tendency of the organs to 
assume their normal position after the 
removal of the tumor. The left kidney which 
was at the inlet of the pelvis immediately 
moved upward and to the left; the bowel 
pushed the posterior peritoneum to the left so 
that the large space was apparently com- 
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pletely obliterated; in fact, some difficulty was 
encountered in closing the abdominal inci- 
sion. Nevertheless, I believe that drainage is 
desirable. Complete hemostasis cannot be 
secured and a retroperitoneal hematoma is 
likely to become infected. The encapsulated 
empyema complicatimg my case has not been 
explained nor could the perforation of the 
diaphragm be satisfactorily explained. 

The prognosis in benign retroperitoneal 
tumors must be a guarded one. Many authors 
stress the frequency of secondary malignant 
manifestations. This applies especially to 
large dissecting lipomata, in which parts of the 
tumor are not removed, and to mixed tumors 
such as lipomata and fibromata with myxo- 
matous degeneration. In his work on the 
peritoneum, Hertzler states: ‘“Lipomatous 
tissue is often intermingled with myxoid, and 
the latter is always closely related to sarcoma. 
It is the tendency to admixture that removes 
them from the usual class of histoid tumors.” 
Inadequate examination of large tumors may 
lead to an erroneous diagnosis relative to the 
presence of malignant changes. In a series of 
113 cases of benign retroperitoneal tumors 
operated upon, von Wahlendorf reported 15 
recurrences and 60 (54 per cent) cures. 

The operative mortality depends to a con- 
siderable degree on when the operation is done 
in relation to the size of the tumor. The com- 
paratively small retroperitoneal tumor can be 
removed with little danger as to life; however, 
very large tumors are difficult to remove and, 
according to Vegesack, the operative mortal- 
ity approaches 38 per cent. In the 113 op- 
erations reviewed by von Wahlendorf there 
were 29 (25 per cent) deaths during or shortly 
after operation. The pre-operative prepara- 
tion of the patient, the judgment exercised in 
the selection of the anesthesia, the nature and 
size of the tumor, and the surgeon’s ability 
are important factors which control the mor- 
tality rate. 
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of appendicitis has prompted us to make 

a careful study of over 3000 cases” which 
iave been operated upon in the Cincinnati 
seneral Hospital. In accord with the published 
eports of others this study revealed that de- 
ay in operating and the use of purgatives were 
‘he principal factors in the unnecessary sac- 
‘ificing of lives. Yet there was a certain other 
actor having to do with the operative pro- 
sedure which seemed to us to be significant. A 
short discussion of this factor together with 
i description of two points of technique which 
appear tomake the operation of appendectomy 
safer and simpler is dedicated along with the 
author’s admiration and affection to Dr. Allen 
Kanavel. 

From 1915 to 1922, operations for acute 
appendicitis in the Cincinnati General Hospi- 
tal were performed through a right rectus 
incision. During this time 409 cases of acute 
appendicitis were operated upon and the 
mortality rate was 9.8 per cent. 

Early in 1922 the McBurney incision was 
adopted for acute appendicitis and has been 
exclusively used since then. Sixteen hundred 
and twenty-six cases have been operated upon 
with a mortality rate of 5.2 per cent. The 
significance of this contrast is slightly altered 
by the fact that the percentage of cases with 
abscess and peritonitis fell from 51.3 per cent 
in the first series to 41.6 per cent in the second. 
The average lapse of time between onset of 
symptoms and operation and the use of 
purgatives are, so far as we can judge from 
the histories, about the same in both series. 

Does not the type of incision play a definite 
réle in the mortality rate of acute appen- 
dicitis? When one studies the tables of the 
United States Standard Mortality Statistics 
dealing with appendicitis and the excellent 
reviews by Bowers it seems apparent that the 
death rate is lower in those cities where the 
McBurney incision is most widely used. 

2 4 complete analysis of this study will soon be published. 
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SOME REMARKS ON THE OPERATIVE PROCEDURES 
FOR APPENDICITIS' 


MONT R. REID, M.D., Cincinnati, On10 


1From the Department of Surgery of the College of Medicine of the University of Cincinnati and the Cincinnati General Hospital. 


The advantages of the McBurney incision 
are too well known to be discussed. The most 
important of them appear to be: (1) There is 
less soiling of the general peritoneal cavity; 
(2) there is less necessity for handling the 
intestines, for usually it is necessary to touch 
only the cecum and appendix; (3) with the 
modern means of suction the traumatizing 
effects of gauze packs can be eliminated; 
(4) drains can be placed in contact with the 
parietal peritoneum where they soon become, 
in fact, extra-abdominal and are not sur- 
rounded by intestines; (5) wound complica- 
tions are less; (6) convalescence is shorter; 
and (7) the healed wound is less disabling. 

Does not chagrin play an unwarranted rdle 
in the opposition to the McBurney incision? 
The diagnosis of acute appendicitis may of 
course be wrong. When it is and has been 
determined through a McBurney incision it 
may be the wise procedure to close the wound 
and let the patient alone as, for example, in 
acute salpingitis. Usually the sites of other 
conditions simulating acute appendicitis and 
requiring immediate operation can be deter- 
mined through a McBurney incision. An- 
other incision can then be made to suit the con- 
dition. Failure to determine the acute trouble 
through a McBurney incision can always be 
followed by an exploratory incision with little 
or no damage resulting from the first inci- 
sion, which frequently can be used advanta- 
geously as a drainage point. 

The author and the members of our surgical 
department have long ceased to have feeling 
of embarrassment after making a McBurney 
incision for a mistaken diagnosis of acute 
appendicitis. Often, as stated, no other in- 
cision has to be made. Our experience has 
been that an explanation before operation of the 
advantages and disadvantages of the McBur- 
ney incision and a frank admission of the opera- 
tor’s findings not only may save lives, but, 
instead of feeling of chagrin, secure for the sur- 
geon the patient’s admiration for his honesty. 
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Fig. 1. A, Inflammation, cedema, and induration of the 
cecum associated with gangrene or rupture of the appendix 
near its base. B and C, Cross sections, showing the effects 
of a gangrenous process at the base of the appendix. Note 
the cedema and thickening of the muscular coats of the 
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cecum. D, Thickened muscular coats reflected and a purse 
string suture placed in the submucosa above the areas 0 
necrosis. E and F, Stump of submucosa inverted by purse 
string suture and the muscular coats rolled back into plac: 
without the use of any sutures. 
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There is more argument against the 
McBurney incision when the problem is one 
of differentiating between operating for chron- 
c appendicitis and some other intra-abdom- 
nal condition. It would be futile to argue this 
juestion. I must content myself with a state- 
nent of our policy which is either not to 
yperate at all or to remove first the appendix 
hrough a McBurney incision and then wait 
o see if the patient’s symptoms disappear. 
Che patient ’s co-operation in such a program 
s usually enthusiastic, for he often knows 
rom friends the painful disabling conse- 
juences of a long exploratory incision. 

What has been written thus far is offered in 
upport of the belief that the surgical tech- 
iique of appendectomy is playing a more im- 
portant réle in the mortality statistics of acute 
\ppendicitis in this country than is generally 
\ppreciated. Campaigns in favor of im- 
nediate operation for acute appendicitis and 
igainst the use of purgatives and anodynes 
ure undoubtedly the major avenues toward a 
‘eduction of the disgracefully high death rate 
rom appendicitis in the United States. Yet, 
with no appreciable reduction in the elapsed 
interval between the onset of symptoms and 
operation or in the use of purgatives or 
anodynes prior to surgical treatment the 
death rate for all forms of acute appendicitis 
(unruptured and ruptured; with abscess and 
with peritonitis) treated in the Cincinnati 
General Hospital has been reduced by 50.3 
per cent since the routine of a rectus incision 
was abruptly and completely changed to that 
of a McBurney incision. 

This paper was originally conceived with 
the idea of drawing attention to two points of 
technique which we have found especially 
valuable in the actual removal of certain types 
of appendices. For them the author claims no 
originality, for he is well aware that they are 
employed by many surgeons throughout the 
country. Yet from actual observations and 
conversations he is convinced that there are 
many others who do not use them and who 
might find them as useful as we have. 

A. When the appendix is gangrenous or 
ruptured at or near its attachment to the cecum 
and the wall of the cecum about is thickened, 
edematous, and often indurated. In such cases 


Fig. 2. A, Represents the appendix held down by a band 
of adhesions or a short stalk of peritoneum. B, After 
division of them the appendix is readily delivered and its 
mesentery easily ligated. 


a fecal fistula or a leakage of intestinal con- 
tents through the stump is liable to occur, for 
the closure of the hole in the caecum is at best 
insecure. Many surgeons realizing the futility 
of trying to invert the stump of the appendix 
simply ligate it as best they can and place 
drains to take care of the leakage which is 
likely to occur. Others frequently attempt to 
invert the stump of the appendix and its 
surrounding gangrenous gut by means of 
pursestring or mattress sutures. When success- 
ful the surgeon is unhappy because of the 
force with which it is necessary to tie the 
sutures, and very frequently because of the 
tension anemia about them. Not infrequently 
such sutures cut through the thickened and 
cedematous musculature of the gut. 

For the procedure proposed for, and now 
regularly used in, such cases the author finds 
the basis of his rationale in the fundamental 
researches of Mall and Halsted who drew at- 
tention to the importance of engaging with the 
sutures the tough fibrous layer of the sub- 
mucosa whenever repairing defects of the gut 
wall or performing intestinal anastomoses. 
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What student of Halsted can fail to remember 
his demonstration of the ease with which a 
small straight needle engaging only the mus- 
culature of the gut could be torn out, and the 
equal ease with which the needle could be 
broken, without tearing through, if it caught 
only a small portion of the submucosa? 

In the condition under consideration this 
tough fibrous submucosa does not become 
swollen and cedematous, and from it the 
thickened and inflamed muscular layers may 
be easily separated. When this is done, the 
defect in the cecum may be easily closed, and 
without tension, by placing mattress or purse- 
string sutures only in the submucosa. The re- 
flected and inflamed muscular coats can then 
be rolled back into place without the necessity 
of ever taking any sutures through them. 

With this method (Fig. 1) of dealing with 
the stump of the appendix in this particular 
form of appendicitis, it is necessary to drain 
fewer cases and the occurrence of fecal fistule 
has been thus far completely eliminated. 

B. When the appendix is not easily delivered 
into the wound. The difficulty of delivering the 
appendix may of course be due to many 
causes, such as retrocecal or abnormal posi- 
tions. Very frequently the tip of the appendix 
and its base will come up readily into the 
wound while some part of the intervening 
portion will be held down close to the posterior 
peritoneum giving a definite impression that 
the appendix is badly kinked. The cause of 
this real or apparent binding of the appendix 
is most frequently due to a peritoneal stalk 
which is much shorter than the actual mesen- 
tery of the appendix. In many instances there 
are actual adhesions which may, in addition 
to the short peritoneal stalk, make it difficult 
to deliver the mesial portion of the appendix. 
A simple division with a sharp knife of the 
peritoneum and adhesions along the outer 
side of the appendix will, in most every in- 
stance, uncover a mesentery which is suffi- 
ciently long to allow the entire appendix to be 
delivered out of the wound before the clamp- 
ing and dividing of any portion of the mesen- 
tery. The operation then becomes easy and 
one ligature will usually suffice for the ligation 
of all the vessels in the mesentery. The ease 
of this procedure is most striking when com- 
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pared with the difficulty of ligating or clamp. 
ing the mesentery of the appendix in the 
depths of the wound, which is not necessary 
if one first divides the peritoneum and adhe. 
sions just lateral to the appendix and carefully 
frees its mesentery. 

Not infrequently when one is pulling on the 
end of the appendix, the short lateral per. 
itoneum will give the operator the impression 
that it is a natrow band of adhesions when in 
reality, without traction on the appendix, it 
becomes smooth, flattened normal peritoneum. 

With careful sharp dissection, it is most un- 
usual to divide any vessels in either the per- 
itoneum or adhesions which require ligation. 
Usually in kinked or bound-down appendices, 
the mesentery can be completely freed and the 
appendix brought through the McBurney in- 
cision without the necessity of ligating any ves- 
sels (Fig. 2). Then, when the mesentery of the 
appendix is divided, the raw surface is easily 
covered by suturing the peritoneal defect. 


SUMMARY 


1. In a study of 2,035 cases of acute ap- 
pendicitis operated upon at the Cincinnati 
General Hospital there has been a decrease of 
50.3 per cent in the mortality rate since the 
operative procedure was changed from a rec- 
tus toa McBurney incision. 

2. The fear of a mistaken diagnosis of acute 
appendicitis is probably playing an un- 
warranted réle in making surgeons adhere to 
a rectus or pararectus incision. When the 
diagnosis is wrong, it is our experience that 
the McBurney incision far more frequently 
serves a useful purpose than a harmful one. 
The disabilities and dangers of a long ex- 
ploratory incision should be borne in mind. 

3. A method of dealing with the stump of 
the appendix in cases of acute appendicitis in 
which the cecum is inflamed, indurated, and 
thickened, is described and illustrated. ' 

4. The importance of freeing the mesentery 
of the appendix before ligating it is discussed. 
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THE RETURN OF SENSATION TO TRANSPLANTED SKIN! 
LOYAL DAVIS, M.D., F.A.C.S., Cutcaco 


transplanted skin offers an opportunity 
to add to our knowledge of the contro- 
ersial question of sensation. There are 
everal questions, the answers to which might 
hrow some additional light upon a difficult 
ubject. Sensibility of the skin cannot be in- 
estigated successfully in the experimental 
iboratory, but neither can it be investigated 
linically by crude and unorthodox methods 
ff sensory stimulation. Although abundant 
linical opportunities have presented them- 
elves for the study of the return of cutaneous 
ensibility in skin grafts and pedicle flap oper- 
tions, very few have been reported. 
Naturally the order and pattern of the re- 
urn of sensation is the first question which 
irises. Does the response to pin prick return 
vefore that to cotton wool touch and tem- 
perature, or does sensation to these stimuli 
return simultaneously? Does the pattern of 
sensory return advance from the borders of 
the transplanted skin; does it advance eccen- 
trically or in patches? What are the charac- 
teristics of the return of sensation in a skin 
transplant which has been placed over an area 
supplied by two peripheral nerves, one of 
which has been severed? If a skin transplant 
is placed over an area supplied by two periph- 
eral nerves, and sensation has returned to 
the transplant, if one nerve is severed will sen- 
sation disappear from all of the area supplied 
by that nerve? Can sensory return be dem- 
onstrated in a skin transplant placed over an 
area the nerve supply of which has been sev- 
ered, when there has been no return of sensa- 
tion in the isolated supply of that nerve? 
Does sensation return as the result of overlap 
as is the case following peripheral nerve in- 
juries? Do nerve fibers from adjacent unin- 
jured skin grow into protoplasmic bands in 
the transplanted skin? What effect does the 
thickness of the transplanted skin have upon 
the rate of recovery of sensation? Can nerve 
fibers be shown microscopically in the trans- 
planted skin after sensation has returned? 


[= study of the return of sensation to 


Quite logically and naturally we immediate- 
ly become involved in the various theories 
and fewer facts which have been established 
regarding sensory recovery following periph- 
eral nerve lesions. From a clinical stand- 
point our knowledge of the sensory changes 
which are present during recovery of function 
in a peripheral nerve is contradictory and in 
many instances fragmentary. 

It has been noted by many observers that 
the total sensory loss in the skin following 
complete division of a peripheral nerve is 
smaller than what we know to be the anatomic 
distribution of that nerve. This phenomenon 
has been explained by the supposition that 
(1) nerve fibers grow into the insensitive area 
from adjacent uninjured parts; (2) many 
cutaneous areas receive a sensory supply from 
different nerves; and (3) that collateral in- 
nervation may be easily established by an 
accessory branch of the injured nerve and an 
adjacent uninjured nerve. 

In 1905, Henry Head (5), had the super- 
ficial radial and lateral antebrachial cutaneous 
nerves of his left arm cut and sutured. In col- 
laboration with Rivers and Sherren he ob- 
served the characteristics of the return of sen- 
sation in the affected area. As a result of his 
studies Head came to the conclusion that the 
skin was supplied by two distinct groups of 
nerve fibers. One group of fibers transmit 
protopathic sensibility and are capable of re- 
sponding to painful cutaneous stimuli and to 
the extremes of heat and cold. The second 
group of fibers mediate epicritic sensibility, 
by which is gained the power of cutaneous lo- 
calization, discrimination of two points and 
the finer grades of temperature. Head found 
that heat and cold returned simultaneously 
with pin prick stimulation but epicritic sensa- 
tion returned at a definitely later date. 
Head’s theory received general approval but 
the later more careful work of Trotter and 
Davies (11), Boring (2) and Pollock (8), all of 
whom pointed out the deficiencies of Head’s 
work, remains unrecognized generally. Trot- 


1From the Department of Surgery, Northwestern University Medical School. 
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ter and Davies stated that tactile, thermal, 
and pain sensibility appear at the same time 
at the most proximal part of the affected area 
and believe that a gradual substitution char- 
acterizes the process of regeneration. Boring’s 
conclusions were essentially those of Trot- 
ter and Davies except that he believed that 
the sensation of warmth and cold passes 
through a stage of hyperesthesia. Pollock 
emphasized the error of interpreting nerve 
overlap as evidence of regeneration. He has 
determined the residual sensibility of the com- 
monly injured peripheral nerves and states 
that the return of sensibility to prick pain 
which occurs before the return of sensibility 
to touch is due to the assumption of function 
by adjacent nerves. In other words, regenera- 
tion can be said to have occurred only when 
“that portion of the area representing the 


anatomic sensory supply of an injured nerve - 


which is removed from the influence of overlap 
becomes sensitive.” In this area of isolated 
supply, pain and tactile sensibility return si- 
multaneously. 

In an effort to obviate some of the criti- 
cisms of nerve overlap, Sharpey-Schafer (9) 
made a study of the return of sensation in his 
own fifth finger and pointed out two facts 
which have some bearing upon this problem. 
In the area of sensory loss following crushing 
of the digital nerve on the ulnar side of his 
finger, pain returned first followed by heat 
and cold and, lastly, touch. On the other side 
of the finger the digital nerve was cut but not 
resutured. There an unpleasant hyperalgesia 
occurred and normal touch and temperature 
sensibility did not return. It should be re- 
membered that crushing produces an indefi- 
nite and inaccurate lesion both as to the degree 
and extent of the lesion. 

A most interesting contribution which has 
a direct relation to this problem has been 
made by Boeke and Heringa (1). The latter 
accidentally severed his ulnar artery, several 
tendons, the dorsal ramus, and the superficial 
and deep branches of the ulnar nerve at the 
wrist. Tendon and nerve sutures were per- 
formed immediately and the wound healed 
without any signs of infection. Nine months 
later, the affected area showed protopathic 
sensibility. A piece of skin with the underly- 
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ing subcutaneous tissue was removed from the 
center of this area and examined for nerve 
fibers and their endings. Microscopic exam- 
ination showed that the nerve in both the 
superficial and deeper layers of the skin 
showed protoplasmic bands filled with neuro- 
fibrilla. Myelin sheaths were not found but 
regeneration was noted in the end organs of 
Ruffini, in some of Meissner’s tactile cor- 
puscles and in the nerves supplying the hairs. 
Consequently, these investigators concluded 
that protopathic sensibility was due to stimu- 
lation of incompletely regenerated sensory or- 
gans, and that only when this regeneration 
was complete did epicritic sensibility appear. 
It will be noted later, when the records of the 
examinations of the clinical material are given, 
that they lend support to this conception of 
sensory regeneration. 

Although there have been many oppor- 
tunities for the clinical examination of the re- 
covery of sensation in skin transplants, the re- 
ports in the literature have been scanty. In 
1899, Stransky (10) reported the early return 
of light touch sensibility in a full thickness 
skin graft, but after 10 days the entire graft 
melted away. Stransky’s results on the whole 
are of little value since they were based upon 
an insufficient amount of evidence. Du- 
breuilh and Noel (4) examined 11 cases of 
Wolfe grafts and found that superficial sensi- 
bility returned within a year. Williams (12) 
examined a Thiersch graft which had been ap- 
plied over the base of a varicose ulcer 30 years 
previously. He found that pain, temperature, 
and deep pressure sensibility were slightly di- 
minished but there was a greater loss of tac- 
tile sensation. J.S. Davis and Traut (3) have 
stated that sensation begins at the periphery 
in all types of skin grafts within 4 or 5 weeks 
and that tactile sensation is restored first, fol- 
lowed by pain and temperature sensation. 
Kredel and Evans (7) in a recent and by far the 
most complete report, concluded that in pedicle 
flaps, pain, touch, and temperature sensibility 
return independently and in that order; that 
in pedicle flaps sensation begins about the 
periphery and progresses distally and from the 
sides; that there is no relation between the 
course of the original neurilemmal sheaths of 
a skin flap and the ingrowth of new nerve 
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ibers; and finally, that recovery of sensation 
's more rapid and complete in pedicle than in 
Wolfe, Reverdin, or Thiersch grafts. 

Finally, some aid may be found in the ex- 
yerimental work which has been reported 
ipon the regeneration of sensory nerve end- 
ngs. Kadanoff (6) transplanted skin from 
he sole to the snout in guinea pigs. He found 
hat the newnerve fibers, more numerous than 
vas normal for the foot, frequently followed 
he old paths, or the blood vessels. He never 
ound regenerating Pacinian corpuscles, nor 
n the other hand did he ever find degenera- 
ive changes in the sensory endings immedi- 
tely after transplantation. 


CLINICAL MATERIAL! 


Our examinations have been made upon a 
‘roup of pedicle, free full thickness, and 
Chiersch skin grafts and have been carried on 
yver the period of years from 1920 to the 
yresent time. The majority of the pedicle 
laps were transferred from the thighs, but- 
ocks, and abdomen to repair deforming de- 
ects in the hands produced by neglected and 
‘ll-treated infections, and burns. The trans- 
olants were made by delayed transfers to in- 
sure an adequate vascular supply. Conse- 
quently, all of the original nerve supply had 
been divided completely. A few of the early 
pedicle and full thickness grafts included more 
of the subcutaneous tissue than is now the ac- 
cepted practice. 

Methods of examination. Pin prick stimula- 
tion was effected by a simple algesiometer 
which consisted of a large headed pin in the 
barrel of a glass syringe, the point being al- 
lowed to extend through the tip and to replace 
the plunger. The weight of the plunger de- 
termines the degree of pressure when the pin is 
allowed to prick the skin, with the syringe 
held by the barrel. By so using a stimulus of 
known degree, the area of sensory loss may 
be compared accurately from time to time. 

Tactile sensibility was tested for by a wisp 
of cotton after all of the hairs on the skin had 
been shaved. Two point discrimination sense 
was not used uniformly in all of the examina- 
tions. 


! These studies were made upon the Sg of Drs. Kanavel, Koch, 


and Mason at Passavant Memorial and Wesley Memoria! Hospitals. 
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Test tubes containing warm and cold water 
are relatively inaccurate for testing tempera- 
ture sensibility and are subject to the danger 
of stimulating pressure sense. Low degrees of 
temperature only were tested and for this pur- 
pose a pledget of cotton twisted to a point and 
moistened in ether was used as the stimulus. 

In the accompanying charts of sensory re- 
covery the black dots represent return of pin 
prick sensation; black lines, return of touch; 
x, painful response to pinprick stimuli; circles, 
return of cold sensation; s, diminished sensa- 
tion; solid black, loss of all types of sensation. 


CasE 1. J. G. In 1917 a large pedicle transplant 
(13 by 8 centimeters) was transferred from the ab- 
domen to the dorsolateral surface of the forearm to 
cover a defect produced by an osteomyelitis of the 
bones of the forearm. The median and ulnar nerves 
were intact but the superficial ramus of the radial 
had been destroyed. In 1920 there was a loss of 
pain sensation in the center of the transplant and the 
loss of tactile sensation was larger. The return of 
sensibility was evidently progressing from the edges. 
The patient was not examined again until 1923. 
Pin prick was felt everywhere over the flap and al- 
most in the center there was an area of protopathic 
response. Here touch was not recognized (Fig. 1). 

Case 2. W. McG. This patient had received a 
gunshot wound of the left hand in 1917. In July of 
1920 a pedicle flap was transferred from the abdomen 
to the dorsum of the hand. The median nerve had 
been divided by the injury and was sutured in Octo- 
ber of 1920. There was loss of pin prick and touch 
sensibility limited to the volar and dorsal surfaces of 
the index finger and to a small area over the dorsal 
surface of the hand. The sensory overlap in this case 
had therefore been very extensive. The transplant 
measured 8 by 5 centimeters. The patient left the 
city and was not examined until January of 1929. 
There was a loss of tactile sensation in a small area at 
the distal border of the transplant but elsewhere 
sensation was normal. The volar and dorsal sur- 
faces of the index finger showed a protopathic re- 
sponse to pin prick but no return of tactile sensation. 

CasE 3. C. N. When one year old this patient’s 
right index finger was burned severely by an electric 
bulb. A pedicle transplant was transferred from the 
buttocks in April of 1921. Ten years later the trans- 
plant showed normal sensation to all stimuli (Fig. 2). 

Case 4. W. R. When 2 years of age the patient 
fell into a grate fire and severely burned his right 
hand. Six years later (1921) the scar tissue was dis- 
sected from the palm of the very badly deformed 
hand. A pedicle transplant was transferred from the 
buttocks to cover the palmar defect. On February 
8, 1923, the patient recognized pin prick over the 
entire transplant. The response was very definitely 
protopathic in character and was accompanied by a 
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Ten years 
Fig. 1. Case 1. Fig. 2. Case 3. 


withdrawal reflex. Touch was not recognized. On 
January 19, 1927, this protopathic response to pin 
prick stimuli had disappeared completely. Tactile 
and cold stimuli were recognized everywhere over 
the transplant. 

Case 5. A.N. When 6 months of age this patient 
suffered a severe burn on the dorsum of the right 
hand. A marked deforming contracture resulted. 
The scar tissue was dissected away and a pedicle 
transplant was transferred from the abdomen. Six 
years later (1928) the transplant had grown in pro- 
portion to the rest of the hand. Sensation to pin 
prick and touch was present over the entire flap but 
the response to pin prick was definitely hyperalgesic. 

Case 6. J.C. The patient received a gunshot in- 
jury of the right forearm in 1922. The median nerve 
was destroyed for a distance of 3 inches above the 


Six months 


Fig. 5. Case 8. 


Four years 


Fig. 3. Case 6. 


Thirty one months 
Fig. 4. Case 7. 


wrist so that an end-to-end suture was impossible. 
A pedicle transplant was transferred from the thigh 
in October of 1923. In January of 1927 there was a 
small area of normal sensation to pin prick and tac- 
tile stimulation in the proximal portion of the trans- 
plant. On the radial side of the flap there was proto- 
pathic response to pin prick and tactile sensibility 
was greatly diminished. On the ulnar side of the 
transplant pin prick and tactile sensibility were 
present but diminished (Fig. 3). 

CasE 7. W. M. The patient received a gunshot 
wound through the palm of the hand in January of 
1924. There was a large loss of tissue on the dorsum 
of the hand between the metacarpal of the thumb 
and index finger. A pedicle transplant was trans- 
ferred to this area from the abdomen on July 1, 1924. 
At this time there was a lossof pin prick, touch, and 
temperature stimulation over the entire volar sur- 
faces of the index and middle fingers and on the dor- 
sal surfaces of the distal two phalanges. On Septem- 
ber 30, 1924, there was no return of any type of 
sensation over the transplant. On February 6, 1927, 
there was a protopathic response to pin prick stimu- 
lation over the flap except for a small area distally 
where pin prick was not felt. Tactile stimuli were 
recognized but less acutely than normal. Cold sen- 
sibility was recognized everywhere over the trans- 
plant (Fig. 4). 

Case 8. L. K. The wrist and palm of the right 
hand were lacerated severely in an automobile acci- 
dent. Infection and deforming scar contractures re- 
sulted. In September, 1924, a pedicle transplant 
was transferred from the lumbar area to the hand. 
On January 23, 1925, there was a definite protopathic 
response to pin prick over the entire flap, except 
over 2 areas which were the most distal. Tactile 
sensation could be recognized only about the periph- 
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Le 


One year 


Eight years 


Fig. 6. Case 12. 


«-y of the transplant. Cold sensation was recog- 
1 zed in scattered areas. On March 25, 1925, the re- 
: onse to pin prick stimuli had become more painful. 
" actile stimuli were recognized over the entire trans- 
; ant but in scattered areas. The orderly progress of 
tie latter sensation from the periphery had ceased 


“ig. 5). 

CasE 9. S. D. The palmar surfaces of all of the 
| agers were severely burned and flexor contractures 
vere the result. Pedicle transplants were trans- 
i -rred from the lumbar region in July of 1925. The 
j atient was not examined until May 31, 1927, when 
pin _— tactile, and cold sensibility were all recog- 
rized. 

Case 10. G. C. This boy received a severe rope 
burn of the left hand which resulted in contractures 
and partial amputations. A pedicle flap was trans- 
ferred from the lumbar region to the fingers in July 
of 1925. There were no lesions of the peripheral 
nerve trunks. On February 3, 1927, the transplanted 
skin was sensitive to pin prick, touch, and cold stim- 
uli. There was no typical protopathic response but 
there was a definite hyperalgesia and hyperesthesia. 

Case 11. O. N. This patient’s flexor tendons, 
median and ulnar nerves were divided at the wrist in 
an automobile accident. The wound became in- 
fected and there was a considerable loss of tissue. 
A pedicle transplant was transferred from the lum- 
bar region to the wrist in February of 1926. An ex- 
amination in March of 1927 showed a complete re- 
turn of sensation to pin prick and tactile stimuli. 
There was no recovery of sensation in the hand in the 
areas supplied by the median and ulnar nerves. 

CasE 12. J.O. This patient received a severe in- 
jury to the left hand. The ulnar nerve and flexor 
tendons were cut and there was a loss of tissue over 
the dorsum of the hand. A pedicle transplant was 
transferred from the abdomen February 23, 1926. 
On February 6, 1927, pin prick was recognized, ac- 
companied by a very marked protopathic response 
and withdrawal over the radial half of the trans- 
plant. Tactile sensation was absent. Neither pin 
prick nor tactile stimuli were recognized over the ul- 
nar side of the transplant, although pressure stimuli 
were recognized. On February 5, 1934, tactile and 


Fig. 7. Case 14. 


Fight months Fourtgen months 


cold stimuli were recognized over the radial side of 
the transplant. Pin prick was felt except over the 
ulnar side of the flap (Fig. 6). 

CasE 13. F.G. Scar tissue resulting from a burn 
was removed from the web between the right thumb 
and index finger. A pedicle transplant was trans- 
ferred from the abdomen on April 6, 1926. On April 
II, 1927, sensation to pin prick, touch, temperature, 
and two point discrimination was present over the 
entire flap. There was some slight hyperalgesia and 
hyperesthesia at the edges of the transplant. 

Case 14. H. W. In November of 1925 the pa- 
tient received a shot gun charge in the palm of the 
right hand. A pedicle transplant was transferred to 
the hand from the lumbar area in May, 1926. In 
November of 1926 a neurolysis of the branches of the 
ulnar and median nerves in the palm was done. 
January 28, 1927, there was partial return of pin 
prick and tactile sensibility over the transplant. The 
distal portion of the palm of the hand, the volar sur- 
faces of the proximal phalanges of the index, middle, 
and ring fingers, and the entire little finger showed a 
normal response to pin prick but tactile sensation 
was absent. The distal two phalanges of the index, 
middle, and ring fingers were analgesic and anes- 
thetic and ulcers were present on the tips of the mid- 
dle and ring fingers. Sensation over the thumb was 
normal. July 29, 1927, sensation over the trans- 
plant was normal; pin prick was felt over the fingers 
but tactile sensibility was still imperfect (Fig. 7). 

CasE 15. E. McF. Scar tissue following a severe 
burn of the right hand was removed and a pedicle 
transplant from the abdomen was transferred to the 
palm and volar surfaces of the ring and little fingers. 
On February 5, 1927, there was complete sensory re- 
covery to pin prick, cold, and tactile stimuli over the 
entire transplant. A slight protopathic response to 
pin prick was still present. 

CasE 16. B. B. The patient received a crushing 
injury of the dorsum of the right hand and a pedicle 
flap was transferred from the abdomen in 1926. The 
patient was not seen again until January 5, 1934. 
Pin prick, heat, cold, and tactile stimuli were recog- 
nized over the entire transplant. Sensation to touch 
was diminished as compared to the normal skin. 

CasE 17. S.H. The patient had a deforming scar 
contracture of the right hand resulting from a burn 
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Four months 


Fig. 8. Case 19. 


suffered 22 years previously. A pedicle transplant 
was transferred from the lumbar region to the hand 
on July 5, 1926. On January 28, 1927, the patient 
recognized pin prick stimuli over the entire flap. A 
painful sensation radiated from each stimulus. 
Three months after the transplant was transferred, 
the patient, a doctor, recognized pin prick. Cold 
stimuli were not recognized and tactile sensation was 
present but diminished. 

Case 18. B.G. This patient had a pedicle trans- 
plant transferred from the lumbar area to cover a de- 
fect in the palm which resulted from the dissection 
of a severe burn scar contracture in July of 1926. 
On February 27, 1927, sensation to pin prick, touch, 
and temperature stimuli was normal over the entire 
transplant. A protopathic response was not present. 
There was a slight loss of touch and pin prick along 
the radial side of the ring finger, probably the result 
of an injury to the digital nerve. 

CasE 19. G.S. A high voltage electric burn was 
followed by a lesion of the ulnar nerve and a deform- 
ing contracture of the right hand. Pedicle flaps from 
the lumbar area were transferred to the hand be- 
tween the thumb and second metacarpal and to the 
volar surface of the forearm on November 1, 1926. 
Sensation in the hand was lost over the ulnar distri- 
bution. The nerve was sutured. On March 3, 1927, 
there had been no sensory recovery in the hand. 
Pin prick was recognized over the entire forearm 
transplant and a withdrawal reflex occurred with 
each stimulus over the ulnar side. Cotton wool was 
appreciated more acutely over the ulnar half of the 
flap than elsewhere. Cold stimuli were appreciated. 
A protopathic response to pin prick occurred only 
over the ulnar half of the transplant between the 
thumb and index finger. Tactile and cold stimuli 
were not recognized over this transplant (Fig. 8). 

CasE 20. E.R. On March 3, 1929, the right hand 
was severely injured in a laundry mangle. Scar tis- 
sue involved the dorsum of the hand and fingers as 
far as the first interphalangeal joints. There was al- 
most complete loss of motion of all four fingers. On 


Twenty three months 


Fig. 9. Case 20. 


November 6, 1920, a pocket flap from the right thigh 
had been transferred completely to the dorsum of 
the hand. Later arthroplasties and tendon trans- 
plantations were performed so that examination of 
sensation could not be done accurately until October 
26, 1931. Pin prick, touch, and cold stimuli were felt 
over entire flap except for a small area near radial 
border. Here pin prick was recognized less accurately 
and cold and tactile sensation were lost (Fig. 9). 
CasE 21. B. McL. On July 17, 1930, the patient 
fractured three fingers and received a severe lacera- 
tion of the dorsum of the left hand. On December 
17, 1930, a pedicle transplant had been transferred 
completely from the thigh. November 25, 1931, pin 
prick and cold stimuli were recognized over the en- 
tire transplant. There was a loss of tactile sensation 
in the web between the index and middle fingers. 
CasE 22. G. A. The patient received a gunshot 
injury of the left forearm which divided the ulnar 
and median nerves just proximal to the wrist and al! 
of the superficial flexor tendons. An abdominal pedi- 
cle flap was transferred on March 27, 1931. On 
October 19, 1931, a protopathic response to pin prick 
stimuli and tactile sensibility was present over « 
small area on the ulnar side of the transplant. On 
February 1, 1934, there had been no recovery of sen 
sation in the median and ulnar distribution over the 
palm or fingers. Pin prick was recognized over the 
transplant but at its distal edge the stimulus was ac 
companied by a protopathic response. Tactile stim 
uli were appreciated only at the proximal edge of th« 
transplant and each stimulus evoked a protopathi 
response similar to that produced by pin prick. Col: 
stimuli were recognized everywhere without an ur 
pleasant spread of the sensation (Fig. 10). 


CasE 23. A. K. On July 30, 1930, the left han. 


was crushed and burned in a laundry mangle. O 


August 18, 1931 a thin, translucent pedicle flap wa; 


transferred from the thigh to the dorsum of the hanc 
In some areas it had been necessary to scrape th 


scar tissue from the bone. On October 19, 193), 


there was a complete sensory loss to pin prick, cotto 


wool, and cold stimuli over the entire flap except fc ° 
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Six months 


Thirty five months 


Fig. 10. Case 22. 


. slight recognition of pin prick at the distal end of 
' .e transplant over the index finger. On February 1, 

134, there had been a complete return of pin prick, 
‘ ouch, and cold sensation over the entire flap. There 
\as no protopathic response. 

CasE 24. J. G. A pedicle transplant was trans- 
‘erred to the dorsum of the right hand between the 
thumb and index finger on October 13, 1929. On 
November 21, 1931, sensation to pin prick, touch, 

and cold stimuli was normal over this area of skin. 
in June, 1930, a similar transplant was made to the 
ulnar border of the right hand. Twenty months later 
sensation to pin prick, touch, and cold stimuli 
was normal over that transplant. On October 25, 
1931, a pedicle transplant was transferred to the 
palmar surface of the thumb. On November 21, 
1931, there was a small area of sensory return to pin 
prick over the distal surface of the transplant. 

A pedicle transplant was transferred to the palm 
of the left hand in March of 1931. On November 21, 
1931, pin prick sensation had advanced from the 
periphery to a small oval area of loss in the center of 
the transplant. Tactile and cold sensibility was ab- 
sent over the entire flap. A small area of the trans- 
plant at its proximal border was removed for micro- 
scopic study of nerve endings November 21, 1931. 

CasE 25. V.S. On June 9, 1932, the patient re- 
ceived a severe denuding injury of the dorsum of the 
left hand and fingers. Denudation was complete ex- 
cept for a small area of skin over the dorsolateral sur- 
face of the hypothenar eminence. The ring finger 
was amputated traumatically and the rest were re- 
moved later, leaving only the thumb and little fin- 
ger. On July 20, 1932, a pedicle abdominal flap had 
been transferred completely to the dorsum and 
palmar surfaces. Areas of the latter portion of the 
transplant melted away and were replaced by free 
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Nine months 


Fig. 11. Case 25. 


full thickness and Thiersch grafts in October of 1932. 

On April 12, 1933, pin prick and tactile stimuli 
were recognized over the dorsal transplant. The 
patient was hypersensitive to tactile stimuli. Pin 
prick but not touch was recognized over the free 
full thickness transplant. There was a small area of 
hyperalgesia over this graft. Neither pin prick nor 
tactile “gine were recognized over the Thiersch 
graft (Fig. rr) 

Case 26. W.F.C. An X-ray burn of the left hand 
was followed by an ulcer on the dorsum of the left 
index and ring fingers and amputation of the middle 
finger. A pedicle transplant from the abdomen was 
transferred to the index finger on November 7, 1932 
and to the ring finger on January 15, 1933. On May 
17, 1933 pin prick, cold, and tactile sensations were 
present over the index finger transplant except over 
its most distal portion. There the loss of pin prick 
was less than that of touch. There has been no return 
of tactile or pin prick sensation over the ring finger 
(Fig. 12). 

CasE 27. R. G. The patient received an electric 
wire burn of the right forearm, and in November of 


Four months 


Fig. 12. Case 26. 
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Fig. 13. Case 27. 


1932 a large pedicle transplant was transferred from 
the abdomen. The median nerve had been divided 
and was sutured. On November 22, 1933, pin prick 
and touch stimuli were recognized over the ulnar 
side of the dorsal surface of the flap. The entire vo- 
lar surface of the transplant was analgesic and anes- 
thetic except for a small area on the radial side at its 
proximal extremity. The return of pin prick sensi- 
bility was greater than that of touch and no proto- 
pathic response was present (Fig. 13). 

Case 28. P. McC. The patient received a lacera- 
tion of the dorsum of the hand in an automobile acci- 
dent September 11, 1932. An abdominal pedicle 
flap was transferred on March 31, 1933. Upon ex- 
amination May 24, 1933, there was no response to 
any type of sensory stimulus. On October 30, 1933, 
pin prick and cold sensibility was present over the 
proximal portion of the transplant. Tactile stimuli 
were recognized in this same area but this was below 
normal. Only pressure sensation was present in the 
distal half of the transplant. 

On February 1, 1934, sensation to pin prick and 
touch had advanced distally, and as before the latter 
was less in extent than pin prick. Cold stimuli were 
recognized in the area of return to pin prick. There 
was no protopathic response from any type of stimu- 
lation (Fig. 14). 

CASE 29. F. M. In an automobile accident Au- 
gust 10, 1931, the patient received a compound 
fracture of the right humerus and of both bones of 
the right forearm. The median nerve was divided. 
A gas bacillus and streptococcic infection developed. 
On June 23, 1933, the median nerve was sutured and 
in August of 1933 an abdominal pedicle flap was 
transferred completely to the forearm. On Novem- 
ber 24, 1933, pin prick and tactile sensation was 
present over the radial half of the volar surface of the 
transplant. The dorsal surface of the transplant was 


Twelve months 


Fig. 14. Case 28. 


insensitive except for a small area on the radial side 
where pin prick and touch were recognized. Loss of 
all sensations was present over the volar surface of 
the index finger. Sensation over the rest of the palm 
of the hand and fingers was normal. 

On January 1, 1934, there had been no advance in 
the area in which pin prick and touch were recognized 
on the volar surface of the forearm. However, both 
stimuli elicited a very painful, spreading, “electric 
shock” sensation which had not been present before. 
On the dorsum of the forearm pin prick had advanced 
from the radial side to the scar joining the edges of 
the transplant. There was no protopathic response. 
Touch was recognized in this same area. On the 
ulnar side of the dorsum of the forearm, pin prick 
was recognized at the distal edge of the graft and was 
accompanied by a marked protopathic response 
(Fig. 15). 

CasE 30. J. P. A pedicle transplant from the ab- 
domen was transferred to the volar surface of the 
right forearm to cover a traumatic defect on Octo- 
ber 11, 1933. The median nerve was injured and 
sensation was lost over the palmar surface of the in- 
dex finger. Elsewhere in the hand sensation was 
normal. On November 21, 1933, there had been no 
recovery to pin prick, cold, or tactile stimulation over 
the transplant although pressure was recognized 
easily. A split graft from the thigh was used to 
cover the abdominal defect. On the same date of 
examination there had been no recovery of sensation. 

Case 31. A. B. In June, 1928, a free full thick- 
ness graft was taken from the thigh to cover a defect 
in skin on the volar surface of the left elbow. The 
median, ulnar, and radial nerves were uninjured. 
On November 24, 1933, there had been no return of 
sensation to pin prick, touch, or cold stimuli at any 
point over the transplant. 

Case 32. E. B. A free full thickness transplant 
was transferred from the thigh to the palm of the 
right hand in August, 1931. The patient had suf- 
fered a severe burn from X-ray treatment for derma- 
titis. On November 24, 1933, pin prick and tactile 
stimuli were recognized over the entire flap. There 
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Five month: 


Fig. 15. Case 29. 


\ as no protopathic response but the sensation was 

not as acute as over the skin on dorsum of hand. 
CasE 33. F. M. This patient’s hand was injured 

in a laundry mangle. In March of 1932 a free full 


thickness transplant was placed in the palm and on 
the volar surfaces of the index, middle, ring and little 
fingers after dense scar tissue had been removed. 
Part of the transplant to the index finger melted 
away and in July of 1932 a pedicle transplant was 


transferred to the tip of that finger. In October, 
1933, sensation to pin prick, touch, and cold stimuli 
was normal over the free full thickness transplants 
except for a small area at the proximal edge of the 
graft at the base of the ring finger. In this area none 
of these stimuli was recognized. There was a small 
area in the center of the small pedicle flap where pin 
prick and touch sensation were diminished. On the 
edges of that transplant there was a protopathic re- 
sponse to pin prick stimuli (Fig. 16). 

CasE 34. W. R. Contractures of the ring and 
little fingers of the right hand resulted from a burn. 
A free full thickness graft was taken from the thigh 
in December of 1926 to cover the defect which fol- 
lowed removal of the scar tissue. On April 25, 1927, 
pin prick and tactile sensation were present over trans- 
plant but were diminished slightly over fifth finger. 

CasE 35. S. R. The left hand was caught in a 
pulley and a scar contracture of the fourth and fifth 
fingers developed. A free full thickness transplant 
was transferred from the abdomen in June of 1926. 
On March 31, 1927 tactile and pin prick stimuli were 
recognized over the entire graft. 


CasE 36. F. B. A rope burn resulted in a severe 
contracture of the fingers of the left hand. A free 
full thickness transplant was transferred from the 
abdomen to the flexor surfaces of the index, middle, 
ring and little fingers in January, 1927. On examina- 
tion in March of 1928 tactile and pin prick stimuli 
were recognized over the entire flap. There was no 
evidence of a protopathic response. 

CasE 37. D.R. The patient was treated for pruri- 
tus ani by X-rays and received a severe burn of the 
right buttocks. When the involved skin had been 
removed a Thiersch graft was placed over the defect 
in March of 1932. The area grafted measured about 


Fifteen months 


Fig. 16. Case 33. 
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Fig. 17. Case 39. 


12 by 5 centimeters. On November 17, 1933, the pa- 
tient recognized pressure stimuli over the entire 
graft but pin prick, touch, and cold stimuli were 
present only in a small area near the upper margin of 
the transplant. 

CasE 38. A. F. In June of 1931 a free full thick- 
ness graft was placed on the dorsum of the right hand 
to cover a defect in skin which followed an automo- 
bile accident. On December 22, 1933, although pin 
prick and tactile stimuli were recognized over the 
transplant there was a definite hypesthesia and hyp- 
algesia. 

CasE 39. W. T. The patient had an X-ray ulcer 
of the back which was removed by a wide dissection. 
A Thiersch graft to this area was not successful. A 
skin flap was moved up to cover the defect and a 
Thiersch graft was used to cover the area from 
which the flap had been shifted. The Thiersch graft 
was applied in August, 1933. On November 23, 1933, 
pressure touch was recognized but tactile sensation 
was absent. Pin prick stimuli were recognized in 
two small areas and there was no protopathic response 
(Fig. 17). 

DISCUSSION 


Several generalizations may be made about 
the return of sensation in transplanted skin. 
In this material the return of sensibility has 
been more complete in the pedicle transplants. 
Sensation has recovered more rapidly in those 
pedicle transplants which have had only a 
small amount of subcutaneous tissue attached 


to the skin. The return of sensation to 
Thiersch and free full thickness grafts has not 
been as complete as one might expect, al- 


Three months 
Fig. 17. 


though several of these types of transplants 
were made to areas injured by X-ray expo- 
sures. It is possible that nerve endings and 
fibers had been destroyed permanently by 
that agent. 

Kredel and Evans (7) emphasized the ques- 
tion of the polarity of the pedicle flaps and its 
effect upon the return of sensation. Although 
this was not studied throughout the 14 years 
of observing and examining these patients, a 
review of the operative notes and sketches 
brings a conclusion in agreement with them. 
Changing the polarity of the transplant does 
not affect the time or character of the return 
of sensation. 

In every instance there was a dissociation 
between the recovery of pin prick, touch, and 
temperature sensation. Pin prick sensibility 
always recovered first and the area of return 
of tactile sensibility was therefore within that 
of pin prick. In every case when examina- 
tions were made at frequent intervals after 
operation a hyperalgesia was present which 
resembled Head’s protopathic pain. The 
painful sensation spread like an electric shock 
from the point of stimulation and the point o/ 
the stimulus could not be localized. This re- 
action began to disappear as tactile stimul' 
were first recognized. As touch sensibility be- 
came more definite and advanced, the proto 
pathic response with reflex withdrawal disap 
peared entirely. Cold stimuli were recognize: 
in the area occupied by the recovery of pi): 


prick sensibility. In a very uniform manne’ 


in the pedicle flaps, sensation advanced fron: 
the edges of the iransplanted skin to the cen. 
ter and the progression advanced more distall: 
than in a perfect circular fashion. In Thiersc’ 
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DAVIS: THE RETURN OF SENSATION TO TRANSPLANTED SKIN 


and free full thickness transplants return of 
sensibility in patches was more common. 
It is difficult to believe that old sheath cells 
) lay an important réle in regeneration and the 
:ecovery of sensation. It is more likely that 
‘he severed ends of nerve fibers in the normal 
-<in and subcutaneous tissue to which the 
vransplant becomes attached send processes 
i ito the graft which in the beginning are de- 
oid of myelin sheaths. In an effort to study 
ie type of nerve fibers in transplanted skin to 
\ hich sensation had returned, specimens of 
sin were removed from three pedicle grafts 
-ad one Thiersch graft. In one instance the 
edicle transplant had been in place 3 years; 
-nother 1 month, and the third, 3 months. 
‘he Thiersch graft had been applied 34 days 
) reviously and had shown no evidence of re- 
‘urn of sensation. In each of the pedicle 
‘ransplants there had been a return of pin 
| rick sensation and in one, tactile stimuli were 
_ppreciated. The specimens were divided in- 
io smaller blocks and in one, serial sections 
were mounted. They were stained by the 
3ielschowsky technique. In one half of the 
sections a counterstain was made with hema- 
‘oxylin.! Nerve fibers were not found in any 
of the specimens, neither medullated nor non- 
medullated. Had the axons failed to impreg- 
nate, the hematoxylin counterstain would 
have made it possible to detect with ease any 
medullated nerves had they been present. 
Observations upon a transplant placed over 
the volar surface of the index finger with the 
median nerve severed at the wrist, for exam- 
ple, have not been made. Neither are there 
examples of transplants over other isolated 
areas of nerve supply. The examination of 
such a transplant will afford valuable evidence 
of sensory return. The nearest approach to 
this situation was in Case 12 in which the ul- 
nar nerve was cut. After 8 years sensation to 
pin prick had progressed slowly ulnarward 
but even at that time the little finger portion 
of the transplant was analgesic. There are 
other questions which cannot be answered as 
1Dr. H. J. Wilkinson, Professor of Anatomy at The University of 
Adelaide, very kindly made these microscopic studies. Professor Wil- 
kinson has had a large experience in the use of this staining method which 
he perfected. He said, “‘If any non-medullated nerves exist in the blocks 
examined, my staining method failed to reveal them. This, of course, is 
possible. If the technique has failed, however, it is the first time since I 


returned, and I can only suggest that the common method in use for the 
formalin fixation of tissues is at fault.” 
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yet because just the correct combination of 
clinical conditions have not been present. 

The fact that pin prick stimuli are recog- 
nized first and that when tactile stimuli elicit 
a response the extremely painful character of 
the pin prick disappears may be observed re- 
peatedly. These facts are in agreement with 
those of Boeke and Heringa. They also are 
evidence that this type of sensory return is due 
to nerve overlap as Pollock has claimed in re- 
covering peripheral nerve lesions. He has 
stated that recovery of sensation in the iso- 
lated supply occurs simultaneously for all 
types. In our experience touch sensation has 
never returned first. It should be emphasized 
again that tactile sense and pressure sense are 
two different things; the latter involves the 
muscles, tendons, and bones. We cannot find 
sufficient evidence to state that simply be- 
cause the return of sensation is dissociated 
this alone is direct evidence of the exist- 
ence of separate fiber pathways in the periph- 
eral nerves for each type of sensation. 

It has been noted that sensation has begun 
to recover as early as 4 to 5 weeks. In some 
cases it has not recovered completely after 
many years. The rate and extent of recovery 
depend upon the type of the transplant, its 
thickness, the presence of scar tissue, and the 
state of the adjacent peripheral nerves which 
have cutaneous branches in the area involved 
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EARLY AMERICAN MEDICAL SCHOOLS 


NORTHWESTERN UNIVERSITY MEDICAL SCHOOL j 
J. ROSCOE MILLER, M.S., M.D., Curcaco 


ORTHWESTERN University Medical 

N School has the distinction of being the 

first to introduce a graded curriculum in- 

to medical education in the United States. In 

fact, the keen desire of its founders to introduce 

this innovation was responsible for the founding 
of the school. 

In the early part of the nineteenth century 
there were only four medical schools in the 
United States. These offered two courses of in- 
struction of approximately sixteen weeks each and 
granted a diploma (Doctor of Medicine), the pos- 
session of which was sufficient to allow the owner 
to practice medicine. The number of graduates 
from these four schools was small. The laws of 
many states allowed ap- 
prenticeship in a practic- 
ing physician’s office for 
a period of three or four 
years, to be substituted 
for the two year medical 
course. After this period of 
training had been served, 
an examination was given 
by the censors of an organ- 
ized medical society, and 
if successfully passed, the 
candidate was licensed to 
practice. Attendance at 
one of the established 
medical schools, however, 
deducted one year from 
the period required in a 
practitioner’s office, and it 
soon became well known 
that it required less time 
and money for a young 
man to apprentice himself 
for a period of three years, 
at the same time being reg- 
istered in a medical school, 
than to serve four years 
and then be required to 
take the examination. As 
a consequence the existing 
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medical schools were besieged by anxious appli 
eants for entrance. The result was the estab 
lishment throughout the country of numerous 
medical colleges. As these were run solely on the 
funds collected from the students and as the latter 
desired the degree of Doctor of Medicine more 
than the training, the standards set were negligi- 
ble. By 1850 there were thirty-six medical schools 
turning out thirteen hundred graduates each 
year. No preliminary education was required and 
attendance at lectures was dependent entirely on 
the students’ wishes. The school “‘year’’ consisted 
of twelve to sixteen weeks during which courses of 
lectures were given. These were not arranged in 
any logical sequence and the second “year” con- 
sisted of a repetition of the 
first. 

In 1844 Nathan S. Davis, 
a young delegate from the 
Broome County Medical 
Society, suggested to the 
New York State Medical 
Society at its annual meet- 
ing that some plan be for- 
mulated whereby medical 
and premedical education 
could be systematized 
and standards established. 
The persistent work of 
Dr. Davis resulted in the 
founding of the American 
Medical Association in 
May, 1847, the prime ob- 
ject of this organization 
being the elevation and 
standardization of medi- 
cal education in the United 
States. 

In 1849 Dr. Nathan S. 
Davis was offered a posi- 
tion on the faculty of Rush 
Medical College (Chica- 
go), which he accepted. 
He thereupon changed his 
address but not his views 
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n medical education. At Rush he met a number 
»f men who shared his opinions, but the majority 
 { the faculty and trustees were not in agreement, 
ad in 1859 a small group left Rush Medical Col- 
ge to establish the medical department of Lind 
‘niversity, an institution named for Sylvester 
ind, a Chicago business man. Lind University 
ad recently received a liberal charter from the 
. tate. 

The six men who undertook the task of organ- 

ing a new medical school along the lines they had 

, long advocated were Drs. Hosmer A. Johnson, 

dmund Andrews, Ralph N. Isham, David 

utter, Nathan S. Davis, and William H. By- 

rd. The curriculum which they inaugurated 
‘ sisted of two consecutive college years of five 

onths each, so arranged that dissection and 
| boratory work were taken the first year and 
| yspital clinical instruction the second year. A 
‘iird year, largely clinical in character, was 

commended and urged but not required for 
-aduation. 

The school was located in the five-story brick 

Lind Block” at Randolph and Market Streets, 
-nd the first term began October 9, 1859. The 
‘arollment was thirty-three, fourteen of the stu- 
‘ents being seniors who had completed at least 
cne year in another medical school. The faculty 
f this pioneer school was constituted as follows: 
avid Rutter, M.D., emeritus professor of 
obstetrics; Hosmer A. Johnson, M.D., professor 
of materia medica and therapeutics; Edmund 
Andrews, M.D., professor of principles and 
practice of surgery; Ralph N. Isham, M.D., pro- 
fessor of surgical anatomy; Nathan S. Davis, 
M.D., professor of principles and practice of 
medicine; William H. Byford, M.D., professor of 
obstetrics and diseases of women; John H. 
Hollister, M.D., professor of physiology and 
histology; F. Mahla, M.D., professor of chemistry 
and toxicology; M. R. Taylor, M.D., professor of 
general pathology; Titus Deville, M.D., professor 
of descriptive anatomy; Henry G. Spofford, Esq., 
professor of medical jurisprudence; and Horace 
Wardner, M.D., demonstrator of anatomy. 

The first year was a success and nine members 
of the senior class were graduated March 5, 
1860. During the second year there were fifty- 
one students and in the third year, sixty-three. 

The outbreak of the Civil War brought about 
drastic changes in the medical school as many 
members of the faculty resigned to serve in the 
Army. The school work continued, however, and 
the number of matriculants increased to seventy- 
nine in the fourth year. The five month college 
term had been augmented by four months of 
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Lind Block. The Medical department of Lind Univer- 
sity occupied the third and fourth floors of this building 
from 1859 to 1863. 


clinical instruction during the summer. Due to 
the Civil War, Sylvester Lind was in financial 
difficulties and was unable to fulfill his pledge 
of $100,000 to the University. The medical facul- 
ty was thereby released from its original terms of 
agreement, and at the opening of the regular 
college term in 1863 it was decided to continue 
the school as an independent unit under the name 
of the Chicago Medical College. A new building 
was erected at 22nd and State Streets. The 
University Bulletin of this period credits the 
medical school library with the possession of one 
thousand bound volumes and the leading medical 
periodicals of the time. Clinical teaching was 
carried on at Mercy Hospital, which had been 
organized by Dr. N. S. Davis, Judge T. Lyle 
Dickey, Judge Mark Skinner, Captain R. K. 
Swift, and Dr. John Evans. It had its beginning 
in 1850 as “The Lake House,” where the nursing 
was done by medical students. It was taken over 
by the Sisters of Mercy and named Mercy Hospi- 
tal in 1851. From this period until 1919 Mercy 
Hospital was used for much of the clinical teach- 
ing done by Northwestern University Medical 
School. 

In 1869 the Chicago Medical College became 
the medical department of Northwestern Univer- 
sity but the affiliation was a loose one. The 
University granted the degree of Doctor of 
Medicine to those students recommended by the 
faculty. Undergraduates in the school of liberal 
arts were allowed to study chemistry in the 
medical school. The latter retained title to its 
property and managed its own finances. At this 
time Northwestern University advanced $45,- 
000.00 to the medical school for a new building 
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The Chicago Medical College, 1870-1892. 


and pledged $1,000.00 each year to apply on the 
salary of the professor of chemistry. For the 
following twenty years this affiliation continued 
unchanged. The medical department was still 
the only one in the United States with a graded 
curriculum. 

In 1870, having again outgrown its quarters, 
the medical school was moved to a new building 
adjoining Mercy Hospital at 26th and Prairie 
Avenue, and the association between the two 
institutions became closer, the professors of clini- 
cal subjects teaching at the hospital. 

In 1890 all property of the medical school was 
given in trust to the University and the name 
changed to Northwestern University Medical 
School. The entrance requirements were made 
equivalent to one year in high school and a four- 
year course of medica! study was a prerequisite 
to obtaining the doctor’s degree. At the same 
time the college year was increased from five to 
seven months. In 1897 the requirements became 
the same as those necessary to enter the school of 
Arts and Sciences. 

In 1890 William Deering, long a staunch friend 
of the medical school, aided in the purchase of a 
tract of land at 25th and Dearborn streets. Here 
a building was erected for the schools of medicine, 
dentistry, and pharmacy. Adjoining this build- 
ing a small two story brick structure was built to 
house Wesley Hospital. In rgo1 a new hospital 


building was constructed on the same site and 
additions made in 1910. From its founding to 
the present date Wesley Hospital has maintained 
a close affiliation with the medical school and 
much of its clinical teaching has been done there. 

The medical building erected on south Dear- 
born Street and occupied in 1893 was at the time 
one of the best medical plants in the country. 
Gradually the space occupied by the departments 
of dentistry and pharmacy was needed by the 
medical school and by 1901 the medical school 
occupied the entire building. In 1894 William 
Deering augmented his previous gifts by $50,- 
000.00 to be used as an endowment for the chair 
of physiology. This was named for Dean N. S. 
Davis. Later the chair of anatomy was endowe« 
by the widow of a former professor of anatomy 
and named in his honor, the Robert Laughlin Re: 
professorship. N.S. Davis, Jr., son of the illus 
trious founder, became dean in 1901, an office h: 
filled until 1907. In 1910 James A. Patten, philan 
thropist, established an endowment of approxi 
mately one-half million dollars, the income c 
which was to be used for research in bacteriology 

In 1913 plans were discussed by the trustee 
of Northwestern University for the opening of : 
downtown campus to provide for all the profes 
sional schools of the university. In 1917 a) 
option was secured on a site located on Lak 
Shore Drive at Chicago Avenue, and June 1: 
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Photograph by Fowler 


Northwestern University, McKinlock Campus. The Medical School, The Montgomery Ward Memo- 
rial, in left foreground, Passavant Memorial Hospital to right. 


1920 the nine acre tract was purchased by the 
University at a cost of $1,420,260.00. This pur- 
chase was made possible by the activities of Mr. 
William A. Dyche, business manager of the 
University, and the generosity of Mr. Milton H. 
Wilson. 

In 1921 a gift of $250,000.00 was made to the 
University by Mr. and Mrs. George A. McKinlock 
in memory of their son, George Alexander McKin- 
lock, Jr. By order of the board of trustees the 
new Chicago campus was named the Alexander 
McKinlock Jr. Memorial Campus, in honor of 
Alexander McKinlock Jr. and his comrades who 
lost their lives during the World War. 

In December, 1923, Mrs. Elizabeth J. Ward, 
widow of Chicago’s great merchant, gave $1,000,- 
000.00 to Northwestern University for the erec- 
tion of a memorial to her husband, A. Montgomery 
Ward. Shortly thereafter this gift was augmented 
by three millions, the sum to be used for a building 
to house the medical and dental schools. In 1926 
Mrs. Ward added to her previous gifts $4,000,- 
000.00, which last sum was to be used for endow- 
ment, scholarships, and fellowships. In making 
her initial gift, Mrs. Ward said: 


It has been called to my attention that Northwestern 
University has recently acquired a site for an urban campus 
on the lake shore at Chicago Avenue, designated to accom- 
modate a medical center, a school of commerce, a school 
of law, and other departments, all housed in suitable 
buildings. This campus offers opportunities particularly 
appropriate for the memorial which I have had in mind... . 

It is my belief that Chicago, situated as it is in the center 
of the district rich in agricultural and natural resources in 
the United States, protected by the pendulum of Lake 
Michigan, is destined to become a great city including in 
its greatness permanent centers for all forms of philan- 
thropic and educational work. Northwestern University, 
the first university founded within the City of Chicago, 
has been steadily developing, but with its plans for future 
growth will more fully realize its opportunities and con- 
tinue to develop as the city develops. 

Endowed universities seem to me to be the most endur- 
ing of all human institutions, and Northwestern Univer- 
sity by its location and by its history, seems destined to 
endure.... 

I have selected as a memorial the medical center, 
because of its commanding site overlooking the lake, 
because it will render a very large measure of service to 
humanity and because it will be as enduring a memorial 
as can be devised. 

The plan taken as a whole seems to me to make adequate 
provision for centers of medicine, law, and commerce, 
with ideals of quality rather than quantity... . 

The new medical center of Northwestern University 
shall conduct approximately the following activities: 
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Individual. To impart available medical and related 
knowledge to students, internes, postgraduates, nurses, 
and social service workers. 

Humanitarian. To advance the frontiers of medical and 
related knowledge through research, to acquire knowledge 
of the natural history of disease, leading to the prevention 
of disease and to improve existing methods of treating 
disease. 

Civic. To render community health service by promot- 
ing periodic medical examination; also, by efforts to read- 
just the occupational and social life of those in the incipient 
stages of disease and by the treatment of disease. 


The ground breaking ceremonies were held 
May 8, 1925, a day selected because it marked the 
seventy-fifth anniversary of the founding of 
Northwestern University. This building is the 
present home of the medical school which occu- 
pies the first seven and fourteenth floors of the 
building proper and the first and fifth floors in the 
tower. The out patient department has been 
carefully planned and took care of over 130,000 
patients last year. Adequate room is furnished 
for didactic and research work, 89 students being 
engaged in the latter phase of medical education. 

In 1925 Dr. Irving S. Cutter, formerly dean of 
the medical school at the University of Nebraska, 
came to a similar position at Northwestern 
University. 

In 1926 an affiliation was effected with Passa- 
vant Memorial Hospital, and in 1929 this institu- 
tion erected a two million dollar building on the 
McKinlock Campus. In 1930 the Evanston 
General Hospital, also, was affiliated. These two 
hospitals, together with Wesley Hospital, now 
constitute a triad where clinical instruction is 
carried on, the staffs being named by the medical 
school. Other Chicago institutions where clinical 
instruction is received by the students are St. 
Luke’s, Michael Reese, Children’s Memorial, 
St. Joseph’s, Cook County, Norwegian American, 
and Illinois Masonic Hospitals. 

The Archibald Church Library, endowed by 
Archibald and Margaret Finch Church, now 
numbers more than 66,000 bound volumes and 
contains many of the classics of medicine, as well 
as considerable source material. 

Since its establishment in 1859 Northwestern 
University Medical School has graduated 5,119 
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physicians of whom approximately 3,900 are liv- 
ing and are in active practice. Among the many 
distinguished graduates may be mentioned: 
Dr. James S. Jewell, founder and first editor oi 
the Journal of Nervous and Mental Disease, 
Frank Billings, prominent internist and medica! 
educator; Charles Mayo, joint founder of May« 
Foundation for Medical Education and Research 
Franklin Martin, who established SurGERY 
GYNECOLOGY AND OBSTETRICS, and organizec 
the Clinical Congress of Surgeons of North 
America and the American College of Surgeons: 
Joseph B. DeLee, founder of Chicago Lying-In 
Hospital and author of Principles and Practice 0; 
Obstetrics; Howard T. Ricketts, who discovered 
the réle of the wood tick and body louse in trans- 
mission of Rocky Mountain Spotted Fever and 
Mexican typhus; Isaac A. Abt, author of System 
of Pediatrics; Allen B. Kanavel, author of Infec- 
tions of the Hand; John A. Fordyce, editor of 
Archives of Dermatology and Syphilology; professor 
of dermatology at College of Physicians and 
Surgeons, New York; Charles D. Lockwood, one 
of the founders and first president of Pacific 
Coast Surgical Association; and Nicholas Senn, 
prominent Chicago surgeon. 

As from the beginning, instruction has been 
consistently maintained at a high level, represent- 
ing the best in laboratory and clinical science. 
The emphasis has been and is on training physi- 
cians for the practice of medicine, although re- 
search is fostered and stimulated to an unusual 
degree. One hundred twenty students are 
accepted in each of the first two years of the 
medical course proper, and 130 in each of the two 
clinical years. 
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CLINICAL CONGRESS OF AMERICAN 
COLLEGE OF SURGEONS 


D. Haccarp, Nashville, President 


RoBeErT B. GREENOUGH, Boston, President-Elect 


FRANKLIN H. Martin, Chicago, Director-General 
ARTHUR W. ALLEN, Chairman; ERNEST M. DaLanp, Secretary, Committee on Arrangements 


PRELIMINARY PROGRAM FOR CLINICAL CONGRESS IN BOSTON 


N the following pages will be found the pre- 
liminary program of clinics and demonstra- 
tions as prepared by the Committee on 

Arrangements for the twenty-fourth annual Clin- 
ical Congress of the American College of Surgeons 
to be held in Boston, October 15-19. The sur- 
geons of that great medical center have organized 
under the leadership of a strong and representa- 
tive committee and are planning to provide for 
the Fellows of the College and their guests a 
program of surgical clinics that will present a 
complete showing of their clinical activities in all 
departments of surgery. The Committee on 
Arrangements has been assured of the hearty co- 
operation of the clinicians at the medical schools 
and more than thirty hospitals that will partici- 
pate in the program. 

It will be noted that operative clinics and 
demonstrations in the hospitals are scheduled for 
the afternoon of Monday, October 15, beginning 
at 2 o'clock, and for the mornings and afternoons 
of each of the four following days. The schedules 
here published are to be revised and amplified as 
the work of the Committee progresses during the 
intervening weeks. The real program will be 
published daily during the Congress—a complete 
and accurately detailed program to be posted in 
the form of bulletins at headquarters each after- 
noon for the succeeding day. The same material 
is to be issued in printed form the following 
morning. 

Many special features will be included in the 
clinical program, among them being: (1) Cancer 
clinics demonstrating the treatment of cancer by 
surgery, radium and the X-ray; (2) fracture clinics 
at which modern methods in the treatment of 
fractures will be demonstrated; (3) clinics in 
traumatic surgery for the presentation of methods 
used in the rehabilitation of injured patients by 
surgery and physiotherapy. 


The Committee on Scientific Exhibits has drawn 
upon the abundant medical resources of Massa- 
chusetts to provide a remarkably attractive and 
instructive exhibit for the benefit of the Fellows. 
At headquarters and in the medical institutions 
of Boston there will be presented unusual exhibits 
on various phases of historical and current events 
in the practice of surgery and its specialties, 
dentistry, anatomy, pathology, public health, and 
anesthesia. An exceptional feature will be an 
exhibition of works of art by Massachusetts 
physicians. 

EVENING MEETINGS 

The Central Executive Committee has pre- 
pared programs for five evening sessions which 
are published in the following pages. At the 
presidential meeting on Monday evening in Sym- 
phony Hall, the president-elect, Dr. Robert B. 
Greenough, of Boston, will deliver his inaugural 
address. A feature of this session will be the 
John B. Murphy oration in surgery by Dr. Donald 
C. Balfour, of Rochester, Minn. 

A number of distinguished surgeons from 
abroad who will be in attendance at the Clinical 
Congress will be introduced at this session. 
Among the visiting surgeons will be the following: 
Dr. Bethel Solomons, Dublin, Ireland; Sir Harold 
Gillies and Mr. A. Lawrence Abel, London, Eng- 
land; Mr. Harry Platt and Dr. William F. Shaw, 
Manchester, England; Dr. Alexander MacLennan, 
Glasgow, Scotland; Dr. Rafael Silva, Mexico 
City, Mexico; Prof. Josef Halban, Vienna, Aus- 
tria. 

On Tuesday, Wednesday, and Thursday eve- 
nings sessions will be held in the ballroom of the 
Copley-Plaza Hotel at which eminent surgeons of 
the United States and Canada together with 
visiting surgeons from foreign countries will pre- 
sent and discuss papers on surgical subjects of 
timely importance. 
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At the annual Convocation of the College to be 
held on Friday evening in Symphony Hall, the 
1934 class of candidates will be received into 
Fellowship in the College. 


SYMPOSIUM: CANCER IS CURABLE 


Further reports by clinicians from various parts 
of the United States and Canada, presenting 
additional statistics on the cure of cancer in addi- 
tion to reports presented at the 1932 and 1933 
sessions of the Clinical Congress, will be included 
in a symposium on cancer to be presented under 
the auspices of the Committee on the Treatment 
of Malignant Diseases in the ballroom of the 
Copley-Plaza Hotel on Wednesday afternoon. The 
program for the symposium follows: 

Cuar.es A. Dukes, M.D., Oakland, Calif., presiding. 

General Subject of Curability of Cancer: FRANKLIN H. 
Martin, M.D., Director-General. 

General Cases of Five Year Cures: ROBERT S. CATHCART, 
M.D., Charleston, S. C.; Roy D. McCiure, M.D., and 
ArtTHUR McGraw, M.D., Detroit; Mont R. M.D., 
and MILLar, M.D., Cincinnati; Harry C. 
SaLtzsTEIN, M.D., Detroit; Francis CARTER Woop, 
M.D., and Benjamin Rice SHoreE, M.D., New York. 

Cancer of the Stomach and Intestines: WriLi1Am T. 
M.D., St. Louis. 

Cancer of the Pelvic Organs and Breast: FREDERICK C. 
M.D., New York; C. Jerr MILLER, M.D., 
New Orleans. 

Cancer of the Breast: HuBErt A. Royster, M.D., Raleigh, 
N. C.; Hucu H. Trout, M.D., Roanoke, Va. 

Cancer of the Pelvic Organs: FREpERICK J. Taussic, 
M.D., St. Louis. 

Cancer of the Genito-Urinary Organs: Epwin BEER, 
M.D., New York. 

Cancer of the Mouth and Larynx: Gorpon B. NEw, M.D., 
Rochester, Minn. 

Lymphatic Tumors: Ltoyp F. Craver, M.D., New York. 


Following these reports a group of papers de- 
scriptive of accepted methods for the treatment 
of cancer will be presented as follows: 

Cancer of the Stomach Treated by Surgery. J. SHELTON 

Horsey, M.D., Richmond, Va. 

Cancer of the Cervix Treated by Surgery and Irradiation. 

GEORGE Gray WaArD, M.D., New York. 

Cancer of the Breast Treated by Surgery and Irradiation. 

Stuart W. Harrincton, M.D., Rochester, Minn. 
Cancer of the Lip Treated by Surgery and Irradiation. 

FiscuE, M.D., St. Louis. 

Cancer of the Bladder Treated by Surgery and Irradiation. 

WILLIAM E. Lower, M.D., Cleveland. 


FRACTURE CONFERENCE 


A conference on fractures, under the auspices of 
the College Committee on the Treatment of Frac- 
tures, will be held in the ballroom of the Copley- 
Plaza Hotel on Tuesday afternoon. 

Among the papers to be presented are: 


One Thousand Consecutive Fractures of Both Bones of 
the Leg. Wrtt1am SENGER, M.D., in collaboration with 
J. Sus Norman, M.D., Pueblo, Colo. 


Treatment of Fracture of the Carpal Scaphoid. D. W. 
Gorpon Murray, M.D., Toronto. 

Fractures of the Jaw. Ropert H. Ivy, M.D., Philadelphia. 

—_ Fractures. MELVIN S. HENDERSON, M.D., Rochester, 

inn, 

Further Observations of the Nicola Operation for Recur- 
rent Dislocation of the Shoulder. Tourick NIcoLa, 
M.D., New York. 

Also, under the auspices of the same Commit- 
tee, by the use of manikins, splints, tables, and 
other accessory equipment, hundreds of treated 
fractures will be practically demonstrated daily 
as a part of the scientific exhibition in the Statler 
Hotel ballroom. 


CONFERENCE ON INDUSTRIAL MEDICINE AND 
TRAUMATIC SURGERY 


During the past four years the College has con- 
ducted investigations and surveys in many parts 
of the United States to ascertain present medical 
conditions in industry and to inform employers 
of adequate methods. The results of these surveys 
will be presented in the symposium to be held in 
the ballroom of the Copley-Plaza Hotel on Friday 
afternoon under the auspices of the Board on 
Industrial Medicine and Traumatic Surgery. 
Other papers in the symposium deal with the 
clinical aspects of injuries occurring in industry 
and methods of rehabilitation of the injured. 
Freperic A. Bestey, M.D., Chairman, Board on Indus- 

trial Medicine and Traumatic Surgery, presiding. 

The Program of the American College of Surgeons in 
Industrial Medicine and Traumatic Surgery. FRANKLIN 
H. Martin, M.D., Chicago, Director-General. 

A Four Years’ Survey of Medicine and Surgery in Industry. 
M. N. Newauist, M.D., Chicago. 

The Value of an Organized Medical Service in an Industrial 
Establishment. Homer L. Fercuson, President, New- 
port News Shipbuilding and Dry Dock Company, New- 
port News, Va. 

Papilloma and Carcinoma of the Bladder Among Dye 
Workers. GrorceE H. GrEHRMANN, M.D., Medical 
Director, E. I. du Pont de Nemours & Company, Wil- 
mington, Del. 

Back Injuries. FrepEric J. Corton, M.D., Boston. 

Reconstruction Surgery. Srr Harotp C.B.E., 
F.R.C.S., London. 


OPHTHALMOLOGY AND OTOLARYNGOLOGY 


The committee in charge of the section on sur- 
gery of the eye, ear, nose, and throat has arranged 
a program of ophthalmological and otolaryngo- 
logical clinics and demonstrations at the hospitals 
and medical schools. This appears in the follow- 
ing pages, and in addition programs for sessions 
on Tuesday, Wednesday, Thursday, and Friday 
afternoons in John Hancock Hall, located on St. 
James Avenue midway between the Statler and 
Copley-Plaza Hotels. At these sessions dis- 
tinguished specialists will present papers on sub- 
jects of timely interest. 
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A symposium on “Diseases of the (Esophagus”’ 
will be presented on Thursday afternoon at 3:30 
in the ballroom of the Copley-Plaza Hotel follow- 
ing the annual meeting. The program follows: 


An X-ray Study on Lesions of the (sophagus (statistical 
study with lantern slides). A. S. MACMILLAN. 

Infection of the GEsophagus in Acute and Chronic Disease; 
Fibrosis of the Terminal Portion of the Csophagus 
(Cardiospasm), Etiology and Treatment. Harris P. 
MOSHER. 

The Surgical Approach to the (Esophagus. Epwarp D. 
CHURCHILL. 


COMMUNITY HEALTH MEETING 


Following its established custom and in recogni- 
tion of its obligation to the public to provide 
authoritative information on modern surgery, 
better hospitals, and the prevention of disease, a 
community health meeting will be held on 
Wednesday evening, October 17, under the aus- 
pices of the American College of Surgeons in con- 
nection with the Clinical Congress. For this pur- 
pose the Boston Arena, which accommodates 
approximately 10,000 people, has been engaged. 
A program appropriate for the occasion has been 
prepared consisting of brief interesting talks on 
scientific medicine, health and hospitals. These 
talks will be supplemented by an interesting new 
sound motion picture on modern hospital care. 


Rosert B. GreENovGH, M.D., Boston; President, Ameri- 
can College of Surgeons, presiding. 

The American College of Surgeons—Its Aims and Objects. 
FRANKLIN H. Martin, M.D., Chicago, Director- 
General. 

A Century of Progress in Medicine. ALLEN B. KANAVEL, 
M.D., Chicago. 

The Réle of Experimental Medicine in Human Salvage. 
GEORGE W. CrILE, M.D., Cleveland. 
Maternal Care in Approved Hospitals. 

MacEAcuern, M.D., Chicago. 

Cancer—Its Prevention and Control. 
Littie, Sc.D., New York. 

Cancer—Its Curability. CHartes A. Dukes, M.D., 
Oakland, Calif. 

The Care of the Injured. FrepEric A. BEsLey, M.D., 
Waukegan, Ill 

The Ache in Your Back. Puitre H. Kreuscuer, M.D., 
Chicago. 

Doctors, Hospitals, and Patients. RoBert Jotty, Hous- 
ton, Texas. 

Motion Picture—‘Good Hospital Care.” 


T. 


CLARENCE Cook 


ANNUAL HOSPITAL CONFERENCE 


A highly practical and instructive four-day 
program has been prepared for the seventeenth 
annual hospital standardization conference during 
the Clinical Congress in Boston. The program 
appears in the following pages. Administrative, 
economic and educational topics will be presented 
by leaders in the hospital field including surgeons, 
trustees, administrators, nurses and research 


workers. These addresses will be supplemented 
by round table conferences and demonstrations 
in three of Boston’s leading hospitals on Tuesday, 
Wednesday and Thursday afternoons. 

At the opening session on Monday morning 
distinguished leaders in medical and_ hospital 
work will address the conference, the topics to be 
discussed tending to focus attention on present 
day problems related to hospital standardization 
and administration. Other sessions will be de- 
voted to a discussion of major problems of concern 
to all hospitals—sterilization of surgical dressings, 
instruments and supplies, and standards for ma- 
ternal care. Both subjects are now attracting 
widespread interest, and it is planned to present 
at these sessions the latest authentic facts per- 
taining thereto, expecting that such discussions 
will lead to a definite understanding as to the best 
standards to be adopted. At a special session on 
Tuesday evening in the Georgian Room of the 
Statler Hotel, a comprehensive analysis of the 
duties and responsibilities of the hospital trustees 
will be presented. 

During recent years there has been a notable 
increased interest in hospital matters aroused 
through economic conditions. The problem of 
giving the patient the best scientific service pos- 
sible at the lowest cost has seriously engaged the 
interest of all groups. Attention will be focused 
on this problem during the four-day conference. 
Physicians, trustees, administrators, nurses and 
others will have an opportunity at this meeting 
to discuss the many problems of mutual concern. 


OTHER FEATURES OF THE PROGRAM 


Surgical motion picture films, both sound and 
silent, will be exhibited daily in the Georgian 
Room at the Statler Hotel. Many new films will 
be shown. The showing of films demonstrating 
clinical features of interest has met with popular 
acceptance in recent years and will be continued 
at this session with an enlarged program. 

Ether Day will be celebrated at the Massachu- 
setts General Hospital on Tuesday with special 
exercises at 4 p.m. in the dome room of the old 
building of the hospital where ether was first 
administered for the production of surgical anes- 
thesia on October 16, 1846. 


HEADQUARTERS 


The Statler and Copley-Plaza Hotels will be 
utilized as headquarters for the Congress. At the 
former, the grand ballroom and adjoining assem- 
bly room together with other large rooms on the 
mezzanine floor have been reserved for the ex- 
clusive use of the Congress for registration and 
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clinic ticket bureaus, bulletin boards, technical 
exhibition, and executive offices. A_ scientific 
exhibit, which will be arranged by the local com- 
mittee, is to be installed in the balcony of the 
ballroom. At the Copley-Plaza Hotel the grand 
ballroom will be utilized for evening scientific 
meetings, hospital conferences, and other large 
gatherings daily. 

The technical exhibition will be located in the 
ballroom and adjoining assembly room at the 
Statler Hotel. The registration and clinic ticket 
desk, together with the information bureau, will 
be located in these rooms in which will also be 
found the bulletin boards on which the daily 
clinical programs will be posted each afternoon. 
The leading manufacturers of surgical instru- 
ments, electrosurgical and X-ray apparatus, oper- 
ating room lights, tables, sterilizers, hospital 
apparatus and supplies of all kinds, ligatures, 
dressings, pharmaceuticals, and publishers of 
medical books will be represented in this ex- 
hibition. 


ADVANCE REGISTRATION 


The hospitals and medical schools of Boston 
afford accommodations for a large number of 
visiting surgeons, but to insure against overcrowd- 
ing, attendance at the Congress will be limited to 
a number that can be comfortably accommodated 
at the clinics—the limit of attendance being based 
upon the result of a survey of the amphitheaters, 
operating rooms, and laboratories of the hospitals 
and medical schools to determine their capacity 
for visitors. It is expected, therefore, that those 
surgeons who wish to attend the Clinical Congress 
in Boston will register in advance by applying to 
the offices of the College in Chicago. 

Admittance to all clinics and demonstrations 
will be controlled by means of special clinic tick- 
ets, which plan provides an efficient means for the 
distribution of the visiting surgeons among the 
several clinics and insures against overcrowding, 
as the number of tickets issued for any clinic will 
be limited to the capacity of the room in which 
that clinic will be given. 

A registration fee of $5.00 is required of each 
surgeon attending the annual Clinical Congress, 
such fees providing the funds with which to meet 
the expenses of the meeting. To each surgeon 
registering in advance a formal receipt for the 
registration fee is issued, which receipt is to be 
exchanged for a general admission card upon his 
registration at headquarters. This card, which 
is non-transferable, must be presented in order 
to secure clinic tickets and admission to the 
evening meetings. 


BOSTON HOTELS AND RATES 


Boston hotels will provide ample facilities and 
there should be no difficulty in securing first-class 
accommodations. It is advisable, however, for 
those who expect to attend the Clinical Congress 
to reserve their accommodations as far in advance 
as possible. In addition to the headquarters 
hotels, the Statler and Copley-Plaza, there are a 
number of first-class hotels within walking dis- 
tance of headquarters. The following list of hotels 
with their rates has been prepared by the local 
committee: 

Minimum Rates 


_ With bath 
Single Double 


Bellevue, 21 Beacon Street 

Bradford, 275 Tremont Street 50 
Braemore, 464 Commonwealth Avenue.... 3. 
Brunswick, 520 Boylston Street 50 
Buckminster, 645 Beacon Street : 
Canterbury, 14 Charlesgate West .50 
Charlesgate, 535 Beacon Street 

Copley-Plaza, 138 St. James Avenue ; 
Fensgate, 534 Beacon Street .50 
Graylyn, 20 Charlesgate West 

Hemenway, 91 Westland Avenue .50 
Kenmore, 490 Commonwealth Avenue. ... 3.00 
Lenox, Exeter Street .50 
Lincolnshire, 20 Charles Street ere) 
Manger, North Station .50 
Parker House, 60 School Street , 
Puritan, 390 Commonwealth Avenue 
Ritz-Carlton, 15 Arlington Street 

Sheraton, 91 Bay State Road 

Somerset, 400 Commonwealth Avenue... . 
Statler, Park Square 

Touraine, 62 Boylston Street 

Vendome, 160 Commonwealth Avenue. ... 
Victoria, 271 Dartmouth Street.......... 
Westminster, 124 St. James Avenue 


REDUCED RAILWAY FARES 


The railways of the United States and Canada 
have authorized reduced fares on account of the 
Boston session of the Clinical Congress so that the 
total fare for the round trip will be one and one- 
third the ordinary first-class one-way fare. To 
take advantage of the reduced rates it is necessary 
to pay the full one-way fare to Boston, procuring 
from the ticket agent when purchasing ticket, a 
“convention certificate,”’ which certificate is to be 
presented at headquarters for the signature of the 
general manager of the Clinical Congress and the 
visé of a special agent of the railways. Upon pres- 
entation of the viséd certificate to the ticket 
agent in Boston not later than October 23, a ticket 
for the return journey by the same route as 
traveled to Boston may be purchased at one-third 
the one-way fare. 

In the eastern, central, and southern states and 
eastern provinces of Canada tickets may be pur- 
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chased between October 11 and 16; in other sec- 
tions of the United States and Canada at earlier 
dates. The return journey must be completed 
within thirty days from date of sale of ticket to 
Boston. 

The reduction in fares does not apply to Pull- 
man fares nor to extra fares charged for passage 
on certain trains. Local railroad ticket agents will 
supply detailed information with regard to dates 
of sale, routes, etc. Stop-overs may be had within 
certain limits. 

Full fare must be paid from starting point to 
Boston, and it is essential that a “convention 
certificate” be obtained from the agent when the 
ticket is purchased. These certificates are to be 
signed by the general manager of the Clinical 
Congress and viséd by a special railroad agent at 
Clinical Congress headquarters on or before 
October 19. No reduction in railroad fares can be 
secured except in compliance with the regulations 


SCIENTIFIC 


AT HEADQUARTERS, STATLER HOTEL 


FracTuREs. Demonstrating methods of treating fractures, 
under the auspices of the New England Fracture 
Committee of the American College of Surgeons. 

Piastic SuRGERY. An exhibit of models, photographs, and 
diagrams, illustrating the different methods employed 
in plastic surgery and the results. 

TrAauMATIC SURGERY. Diagrams, photographs, and charts. 

ORTHOPEDIC SURGERY. An exhibit of splints and other 
forms of orthopedic apparatus, together with charts 
and photographs. 

MASSACHUSETTS DEPARTMENT OF PuBLIC HEALTH. An 
exhibit illustrating the activities of this department. 

Cancer. An exhibit from the Palmer Memorial Hospital, 
Collis P. Huntington Memorial Hospital, and the 
Pondville State Cancer Hospital. Lantern slides, 
charts, and photographs illustrating cancer of the 
various organs of the body; the diagnosis and the 
results obtained by different forms of treatment. Also, 
an exhibit of specimens of cancer from many parts of 
the body. 

OpHTHALMOLOGY. Charts and photographs illustrating 
melanotic sarcoma and other conditions of the eye. 
Heredity of immune reactions; hereditary blindness; 
pedigree of blindness. 

PaTHOLOGY. The specimens removed at operations from 
the various hospitals in the morning will be collected 
and placed on exhibition in artificially cooled show- 
cases in the afternoon, in a room adjoining the Geor- 


outlined and within the dates specified. It is im- 
portant to note that the return trip must be made 
by the same route as used in going to Boston, that 
the certificate must be viséd at headquarters 
during the meeting, and return ticket purchased 
not later than October 23. 

In the western and southwestern states, includ- 
ing the Pacific coast states and the western prov- 
inces of Canada, the railroads have authorized the 
sale of round trip tickets to Chicago at very low 
rates on account of A Century of Progress Expo- 
sition, so that persons from the west traveling 
through Chicago to Boston will find it to their 
advantage to buy round trip tickets to Chicago at 
the low rates in effect on account of the Expo- 
sition. Under this plan it will be necessary to pur- 
chase tickets to Boston from Chicago taking ad- 
vantage of the “convention certificate” plan out- 
lined above. Ticket agents should be consulted 
with regard to special rates. 


EXHIBITS 


gian Room. At, 5 p.m. these specimens will be demon- 
strated in the Georgian Room by a projectoscope, the 
microscopic sections shown, and the cases discussed. 


AT HOSPITALS AND MEDICAL INSTITUTIONS 


Harvarp Scuoot. An exhibit of models, photo- 
graphs, and diagrams showing the restoration of ex- 
tensive defects and deformities of the face and jaws 
by plastic surgery and dental prosthesis, including 
cases of soldiers wounded in the World War. 

Boston Mepicat Lrprary. Exhibit of historical books on 
surgery and anatomy, and surgical medals. Historical 
pageant illustrating the development of surgery, 
Wednesday, October 17, John Ware Hall, 4 p.m.; 
presented by the students of Tufts College Medical 
School under the direction of Professor B. Spector. 
Exhibition of works of art by Massachusetts physi- 
cians under auspices of the Physicians Art Society. 

MASSACHUSETTS GENERAL HospiTAt. Daily, at noon, an 
exhibit in the Ether Dome relative to the first public 
demonstration of ether anesthesia including a show- 
ing of the motion picture “The First Public Demon- 
stration of Ether Anesthesia.” Also the motion pic- 
ture film, “Fractures in Transportation.” 

MASSACHUSETTS CHARITABLE EYE AND EAR INFIRMARY. 
Anatomical specimens and cesophageal instruments. 

HARVARD MEDICAL SCHOOL, Warren Museum. Anatomy, 
anatomical specimens; pathology, pathological speci- 
mens. 
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OPHTHALMOLOGY AND OTOLARYNGOLOGY--SCIENTIFIC SESSIONS 


Tuesday—J ohn Hancock Hall, 2—Ophthalmology 
Joun M. Wuee er, New York. Plastic ophthalmic sur- 
gery. Discussion opened by W. B. LANCASTER. 
Jonas S. FrrEDENWALD, Baltimore. Slit lamp ophthalmos- 
copy. Discussion opened by J. H. WAITE. 
CLARENCE Kino, Cincinnati. Tuberculin in the treatment 
of ocular tuberculosis. Discussion opened by MER- 
RILL KING. 


RaFakL Srtva, Mexico City. Subject to be announced. 


Wednesday—J ohn Hancock Hall, 2—Otolaryngology 

Tuomas E. Carmopy, Denver. Congenital deformities of 
the face and neck. Discussion opened by V. H. 
KAZANJIAN. 

Louis H. Cierr, Philadelphia. 
otolaryngological practice. 

SAMUEL J. Crowe, Baltimore. Méniére’s symptom com- 
plex. Discussion opened by PHiLip MELTZER. 

Joun R. Pace, New York. Acute infections of the middle 
ear and mastoid. 

O. Jason Dixon, Kansas City. A departure in the manage- 
ment of acute mastoid disease or the advantages of 
conservative. treatment in acute mastoid disease. 
Discussion opened by LYMAN RICHARDS. 

GrorGE M. Coates, Philadelphia. Diagnosis of chronic 
infection of the tonsils in relation to indications for 
operation in cases of chronic focal infection. 

WituraMm V. Mu ttn, Cleveland. Present status of infec- 
tion of the upper respiratory tract in its relation to 
focal infection. Discussion opened by H. ARCHIBALD 
NISSEN. 

EDWARD ZEIGELMAN, San Francisco. The clinical and 
surgical significance of the component cellular char- 
acteristics of the temporal bone, based upon a series 
of 100 cadaver and autopsy observations, lantern 
slide demonstration. 


Peroral endoscopy in 


Thursday—J ohn Hancock Hall, 2—Ophthalmology 
LuTHER C. PETER, Philadelphia. The technique of orth- 
optic training in strabismus. Discussion opened by 
Davip MILLs. 
Harry S. Grape, Chicago. Recent therapeutic proce- 
dures. Discussion opened by ALLEN GREENWOOD. 
WiuiAM L. Benepict, Rochester, Minn. Subject to be 
announced. Discussion by W. MILLBROOK LOWEL. 
C. N. Spratt, Minneapolis. Closure of the cataract in- 
cision (motion pictures). 


Ballroom, Copley-Plaza Hotel—3:30—Otolaryngology 
A. S. MacMitian. An X-ray Study on Lesions of the 
(Esophagus (statistical study with lantern slides). 
Harris P. Mosuer. Infection of the @sophagus in Acute 
and Chronic Disease; Fibrosis of the Terminal Portion 
(Cardiospasm), Etiology and Treatment. 


Epwarp D. CuurcHiLLt. The Surgical Approach to the 
(sophagus. 


Friday—John Hancock Hall, 2—Otolaryngology 
SAMUEL J. Kopetzky, New York. Recent developments in 
the diagnosis of meningitis. 
WELLs P. EaGLeton, Newark, N. J. Meningitis—result of 
disease of the petrous apex and sphenoidal basis. 
«Marvin F. Jones, New York. Pathways of approach to 
the petrous pyramid. Discussion by Harry P. CAHILL. 
WILiiAM MITHOEFER, Cincinnati. When and how shall a 
nasal sinus inflammation be treated nonsurgically? 
Epwarp C. SEWELL, San Francisco. Operative treatment 
of sinusitis, external approach. Discussion opened by 
CHARLES T. PorRTER. 
GaBRIEL TvuckER, Philadelphia. Cancer of the larynx. 
Henry B. Orton, Newark, N. J. Cancer of the laryngo- 
pharynx. Discussion opened by LERoy A. SCHALL. 


Ad 
Int 
Ad 
In 
Jo! 
En 
Ir 
Th 
Hy 
St 
Di 
In 
a 
Pr 
Co 
Co 
Pr 


PRELIMINARY PROGRAM FOR THE CLINICAL CONGRESS IN BOSTON 555 


PRELIMINARY PROGRAM FOR EVENING MEETINGS 


Presidential M eeting—Monday—October 15, 8:15 p.m. 


Address of Welcome: ARTHUR W. ALLEN, M.D., Boston, Chairman, Committee on Arrangements 
Introduction of Foreign Guests: FRANKLIN H. Martin, M.D., Chicago, Director-General 
Address of Retiring President: Witt1aAm D. Haccarp, M.D., Nashville, Tenn. 

Inauguration of Officers 

Inaugural Address. RoBERT B. GREENOUGH, M.D., Boston 


John B. Murphy Oration in Surgery: Principles of Gastric Surgery. Donatp C. Batrour, M.D., Rochester, 
Minn. 


Tuesday—October 16, 8:15 p.m. 


Living Grafts of Thyroid and Parathyroid Glands. HARvEy B. Stone, M.D., Baltimore, with the collabo- 
ration of James C. Owrncs, M.D., and GreorcE O. Guy, M.D., Baltimore 


Endocrine Mechanisms in Certain Functional Gynecological Disorders. Emit Novak, M.D., Baltimore 
Fracture Oration: The Unsolved Fracture. KELLOGG SPEED, M.D., Chicago 


The Giant-Cell Tumor of Bone as a Clinical Entity. Harry Part, M.S., F.R.C.S., Manchester, England. 


Wednesday—October 17, 8:15 p.m. 
Hydrocephalus and Spina Bifida. WILDER PENFIELD, M.D., Montreal 


Sterility with Special Reference to Surgical Possibilities. BETHEL SoLomons, M.D., F.R.C.P.I., Dublin, 
Ireland 


Diverticulosis and Diverticulitis. Irvin ABELL, M.D., Louisville 


Thursday—October 18, 8:15 p.m. 


Symposium on Treatment of Infections: 
Infections of Clean Operative Wounds. FRANK L. MELENEY, M.D., New York 
Infections of the Lip and Face. Freperick A. CoLLER, M.D., Ann Arbor, Mich. 
Phagedenic Ulcer; its Recognition and Treatment. EmiLe Hoiman, M.D., San Francisco 


The Repairs of Defects Resulting from Full Thickness Loss of Skin from Burns. James B. Brown, 
M.D., St. Louis 


Convocation—Friday—October 19, 8:15 p.m. 
Invocation. Rev. CHARLES WESLEY Burns, D.D., LL.D., Boston 
Presentation of Candidates for Fellowship. FRANKLIN H. Martin, M.D., Chicago, Director-General 
Conferring of Fellowships. The President 
Conferring of Honorary Fellowships. The President 
Presidential Address. ROBERT B. GREENOUGH, M.D., Boston 
Fellowship Address 
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ANNUAL HOSPITAL STANDARDIZATION CONFERENCE 


Monday, 9: 30-12: 30—Ballroom, Copley-Plaza Hotel 


Chairman’s Address. Writ1Am D. Haccarp, M.D., Nash- 
ville, Tenn. 

Presentation of Seventeenth Annual Hospital Standardiza- 
tion Report. FRaNnKiin H. Martin, M.D., Chicago. 

Guiding Fundamental Principles for Prepayment of Hos- 
pital and Medical Services. CHARLES A. DUKEs, 
M.D., Oakland, Calif. 

The Development of Periodic Prepayment Plans for Hos- 
pital Care in England. Sypney Lams, Liverpool, 
England. 

The Hospital in Retrospect and Introspect. Rev. AL- 
PHONSE M. ScuwiTALta, S.J., Ph.D., St. Louis. 


Future Trends in Hospital Management and Service. 
Bert W. CALpWELL, M.D., Chicago. 

The Proper Interpretation of Hospital Service. NEWTON 
E. Davis, D.D., Columbus, Ohio. 

What the Hospital Can Do for the Younger Surgeon. 
Witten B. Russ, M.D., San Antonio, Texas. 

Principles Governing Relation of Radiologists to Hospitals, 
ArtuuR C. CuristreE, M.D., Washington, D. C. 


Monday, 2:00-5:00—Ballroom, Copley-Plaza Hotel 


Standards for Obstetrical Service in Hospitals. 

GrorcE W. Kosmak, M.D., New York, presiding. 

A Study of Obstetric Complications in the Woman’s Hos- 
pital to Establish Proper Standardization for Statis- 
tical Purposes. GrorGE Gray Warp, M.D., Byron 
H. Gorr, M.D., and Apert H. Avpripce, M.D., 
New York. 

Regulations and Control of Obstetrical Practices in Institu- 
tions by Nonstaff Physicians. SAMUEL A. CosGROVE, 
M.D., Jersey City, N. J. 

Minimum Standards of the American College of Surgeons 
for the Care of Obstetrical Patients in General Hos- 
pitals. Ropert A. Jonnston, M.D., Houston, Texas. 

General discussion led by James RAGLAN MILLER, M.D., 
Hartford, Conn. 


Tuesday, 9: 30-12:30—Ballroom, Copley-Plaza Hotel 


Sterilization of Dressings, Instruments, and Supplies. 
G. Harvey AGNEw, M.D., Toronto, Ont., presiding. 
Observations on Sterilization of Dressings with Specific 

Reference to Sterilizing Chamber Temperatures and 
Their Relation to Sterilizer Chart Temperatures and 
Cultures. SamueL R. D. Hewitt, M.D., St. John, 
N. B. 

A Scientific Analysis of Steam in Sterilizing, Showing How 
Precision Methods May Be Substituted for the Indefi- 
nite Methods now in Vogue. WEEDEN B. UNDER- 
woop, Erie, Pa. 

Checking and Controlling Postoperative Infections. 
Harovp L. Foss, M.D., Danville, Pa. 

The Fundamental Principles Underlying the Mechanics 
and Technique of Sterilization. Hurtey T. Wyatt, 
M.S., Madison, Wis. 

General discussion opened by CLaupE W. MunceEr, M.D., 
Valhalla, N. Y. 


Tuesday, 2:00-4:00—Massachusetts General Hospital 


Rosert Jotty, Houston, Texas, presiding. 

Demonstrations and round table discussions in hospital 
standardization and administration, conducted by 
GerorGE H. BicELow, M.D., Director, and heads of 
departments. 


Tuesday, 8:00-10:00 p. m.—Georgian Room, Statler Hotel 


Special Session for Hospital Trustees 
C. P. Curtis, Boston, presiding. 
How I View my Responsibility as a Hospital Trustee. 
Iba M. Cannon, Boston. 
How I Discharge my Duties asa Hospital! Trustee. FULLER 
Barnes, Bristol, Conn. 


General discussion led by JoserpH C. Doane, M.D., 
Philadelphia. 


Motion Picture—“‘Good Hospital Care” (sound). 


Wednesday, 9: 30-12:30—Ballroom, Copley-Plaza Hotel 


Joint Session with Association of Record Librarians of 
North America. James T. Nix, M.D., New Orleans, 
presiding. 

The Use of the National Nomenclature. H. B. Locir, 
M.D., New York. 

Basic Training for a Record Librarian. Jessre N. HARNEp, 
Rochester, N. Y. 


The Organization and Management of the Medical Records 
Department ir a Sisters’ Hospital. Sister M. 
Patricia, Duluth, Minn. 

Round table conference—problems concerned with clinical 
records, with special discussion of uses of clinical 
records. Conducted by ALLAN Craic, M.D., Tor- 
rington, Conn. 


Wednesday, 2:30-5:00—St. Elizabeth’s Hospital 


Matcoim T. MacEacuern, M.D., Chicago, presiding. 

Demonstrations and round table discussions in hospital 
standardization and administration. Conducted by 
Rev. Tuomas -J. BRENNAN, Superintendent, and 
heads of departments. 


Thursday, 9: 30-12:00—Ballroom, Copley-Plaza Hotel 


Round table conference. Conducted by RosBeErt Jotty, 
Houston, assisted by Matcotm T. MAcEAcHERN, 
M.D., Chicago. 

This will be a clearing house for all questions arising 
out of the deliberations of the previous sessions and 
problems in the minds of any present, in addition to a 
special program of fifty important hospital questions. 


Thursday, 2:30-5:00—Beth Israel Hospital 


RoseErt Jotty, Houston, Texas, presiding. 

Demonstrations and round table discussions in hospital 
standardization and administration. Conducted by 
Cuar-es F. Witrnsky, M.D., Director, and heads of 
departments. 
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PRELIMINARY CLINICAL PROGRAM 


GENERAL SURGERY, GYNECOLOGY, OBSTETRICS, ORTHOPEDICS, UROLOGY, 
PROCTOLOGY, SURGICAL PATHOLOGY, ETC. 


MASSACHUSETTS GENERAL HOSPITAL 


Monday 


Stafl—2. Dry clinic. A. W. ALLEN: Bleeding peptic ulcer. 
Joun Stewart: Water balance in the surgical patient. 
C. M. Jones: Nutritional edema. L.S. McKittrick: 
Cancer of rectum. E. L. Youn, Jr.: Cancer of colon. 
J. V. Meics and F. W. Hoyt: Rupture of Graafian 
follicle and corpus luteum: R. H. WALLAcE: Treat- 
ment of burns. 

J. MrxTer, Hopcson and associates—2. Neuro- 
surgical clinic. 

V. H. Kazanyjran, E. M. DALaAnp and associates—2. Plas- 
tic surgery clinic. 

T. R. GoETHALS and associates—4. Obstetrical clinic. 


Tuesday 

Staff—o9. Operative clinics. General surgical, genito-uri- 
nary, and thyroid services. 

H. C. MARBLE and T. W. HarMeR—2. 
hand. 

GeorGE Hotmes, A. O. Hampton and associates—2. Sym- 
posium on the roentgen ray. 

E. D. CHuRCHILL and associates—2. Surgical research 
laboratories, demonstration of specimens and discus- 
sions. 

M. N. SmITH-PETERSEN and associates—2. 
clinic. 

Ether Day exercises—4. 


Wednesday 


Staff—g9. Operative clinics, general surgical, fracture and 
circulatory services. 

Staff—2. Dry clinic. D. K1nc: Postoperative pulmonary 
complications. H. BrapsHaw: Methods in anesthe- 
sia. H. SpraGvuE: Surgery in cardiac patients. L. S. 
McKirrrick and R. H. Miter: Ulcerative colitis. 
E. D. Cuurcnitt: Cardiolysis. E. B. BENEDICT: 
Gastroscopy. R. H. Osteomyelitis. 

J. V. Meics, F. ALBricut and associates—2. Ovarian 
dysfunction clinic. 

A. = ALLEN, G. A. LELAND and associates—2. Fracture 
clinic. 

E. P. HaypEN and associates—2. Proctology. 


Thursday 

Stafi—g. Operative clinics, general surgical and thoracic 
services. 

E. A. CopMAN and associates—g9. Symposium on lesions 
of the shoulder. 

T. B. MALLoryY—12. Clinical pathological conference. 

E. D. CaurcHitt, W. WHITTEMORE and associates—2. 
Thoracic surgery clinic. 

A. W. ALLEN and associates—2. 
clinic. 

C. C. Summons and associates—2. Tumor clinic; cancer 
symposium. 

Friday 


Staff—9. Operative clinics, general surgical and orthopedic 
services, neurological operations; plastic surgery. 
Staff—2. Dry clinic. C. Lyons: Symbiotic infections. B. 


Surgery of the 


Orthopedic 


Circulatory diseases 


VincENT and A. V. Bock: Surgery of spleen. A. W. 
ALLEN: Regional ileitis. R. H. MIL_er: Tuberculosis 

of the lymphatic system. R. Linton: Perforation of 

the cecum complicating carcinoma of colon. R. H. 
Smituwick: Gall-bladder disease, correlation of opera- 

tive and X-ray findings. OLiver Cope: Virilism syn- 

drome. H. Rocers: Pilonidal sinus. 
J. H. Means, A. W. ALLEN, E. D. Churcuii1, R. H. 
MItter, E. L. Youn, JR. and associates—2. Diseases 
of the thyroid and parathyroid. 
J. D. Barney and associates—2. Genito-urinary surgery. 


CARNEY HOSPITAL 


Monday 
Haroip G. LEE—3. Operative treatment for certain types 
of low back pain, demonstration of cases. 
R. J. HerrerNAN—3:30. End-results following inter- 
position for uterine prolapse. 


Tuesday 

Louis E. PHANEUF—9:30. Vaginal hysterectomy for proci- 
dentia; repair of third degree laceration of perineum. 

W. R. MacAusLtanp—9:30. Arthroplasty of hip, elbow or 
knee. 

Louis E. PHANEUF—2:30. End-results in cervical Casa- 
rean section, lantern slide demonstration. 

Rocer C. GravEs—3:15. Transurethral resection of the 
prostate; selection of cases, pre-operative preparation, 
operative technique, after-care of patient. 


Wednesday 


F. B. Lunn, D. F. MAnoney, A. McK. Fraser, W. E. 
Browne and F. J. NAsH—g:30. General surgical 
operations. 

W. E. BrowNE—2:45. Demonstration of end-results fol- 
lowing treatment for injuries of musculospiral nerve, 
posterior interosseous branch, median nerve in fore- 
arm, ulnar nerve injuries at elbow, in mid forearm, at 
wrist. 

A. LEo BrETT—3:30. Demonstration of patient following 
operations for relief of paralysis resulting from myelo- 
ma with destruction of.tenth dorsal vertebra; moving 
picture demonstration of operative technique in spinal 
cord tumors. 

Thursday 


Louts E. PHANEUF—9:30. Hysterectomy for fibroids. 

R. J. HerrerNAN—10:30. Vaginal operation for proci- 
dentia uteri; vaginal plastic operation for lacerations. 

Louris E. PHANEUF—2:45. Management of placenta pre- 
via, lantern slide demonstration. 

Friday 

F. B. Lunn, D. F. MAnoney, A. McK. Fraser, W. E. 
Browne and F. J. NAsH—g:30. General surgical 
operations. 

W. E. BRowNE—2:45. Demonstration of end-results fol- 
lowing full thickness grafts for contractures in various 
parts of forearm and hand. Method of preparation 
of splints used and various types of splints used in 
this work. 
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SURGERY, GYNECOLOGY AND OBSTETRICS 


BOSTON CITY HOSPITAL 
Monday 


Stafi—2. Dry clinic. J. J. REGAN, S. WEIss, and D. Mun- 


RO: The eye in arteriosclerosis, hypertension and 
tumor. G. K. Coonse: Treatment of shock. J. REs- 
NIK and M. Ritvo: Pellegrini-Steida’s disease, diag- 
nosis and treatment. O. J. HERMANN and E. PARKER, 
Jr.: Synovioma of knee. F. A. SLowick: Septic hips. 


Tuesday 


Davip D. SCANNELL, SOMERS FRASER, THOMAS W. WICK- 


HAM, and JoHN A. SETH—9. 


General surgical dry 
clinic. 


First surgical service—o. General surgical operative clinic. 


Horace Binney: Thoracoplasty for unilateral phthi- 
sis; phrenicectomy for unilateral phthisis. JAmes J. 
Heppurn: Repair of ventral hernia; gastric ulcer. 
GeorGE W. Papen: Chronic empyema; cholecystitis. 


Fifth surgical service—2. Dry clinic. IrRvinc J. WALKER: 


Some surgical aspects of jaundice—hyperparathyroid- 
ism, end-results; repair of common duct; chondrosar- 
coma of humerus, end-results; carcinoma of stomach, 
end-result; ligation of common carotid artery, end- 
result. FRANcIs F. HENDERSON: Carcinoma of lung; 
pancreatitis, review of sixty cases. AuGusTUS RILEY: 
Prostate and vesicles as foci for retroperitoneal infec- 
tion; kidney resections; demonstration of cases. 
Cuartes C. Lunp: Peripheral arterial embolism, 
results of operative treatment in fifteen cases. E. 
Everett O’NEIL: Breast tumors, clinical versus 
X-ray diagnosis. Wi_t1am A. WuiTE: Subject to be 
announced. 

ERT M. GREEN, JoHN T. WILLIAMS, FREDERICK L. 
Goon, JoserH P. CoHEN, and associates—2. Gyneco- 
logical and obstetrical dry clinic: Treatment of mis- 
carriages; puerperal sepsis; pelvic inflammation. 


Wednesday 
NG J. WALKER, FrANcis F. HENDERSON, CHARLES C. 
Lunp, E. Everett O’NErL, and WILLIAM A. WHITE 
—g. General surgery, operative clinic. 


Bone and joint service—g. Dry clinic. Orro J. HERMANN: 


Boston City Hospital bone and joint service. THomas 
H. Peterson: Colles’ fracture therapy; Soutter trac- 
tion in unreduced fractures of the forearm and old 
shoulder dislocations. GEORGE K. Coonse: Fracture 
of the olecranon, new operative repair. Orrto J. 
HERMANN: Recurrent shoulder dislocations repaired 
by the Nicola method, end-results, discussion. WIL- 
F. Corrine and Mark H. Rocers: Subdeltoid 
bursitis. Mark H. Rocers: Rupture of supraspina- 
tus tendon, discussion. JosepH H. SHoRTELL: Spinal 
fracture, therapy. RussELL F. SuLiivan: Spinal 
fusions. Orro J. HERMANN: Compound fracture ther- 
apy. FRANK W. Marvin: Anesthesia in fractures. 


First surgical service—2. Dry clinic. NEwtTon C. Brow- 


DER: Results of treatment of Colles’ fracture; modern 
splinting methods in fracture therapy. James J. HEp- 
BURN: Results in treatment of peptic ulcer; giant-cell 
sarcoma of bone; treatment of ventral hernia. HorRACE 
BINNEY: Methods and results in treatment of acute 
empyema, lung abscess, bronchiectasis, pulmonary 
tuberculosis. GEroRGE W. PApEN: Methods and re- 
sults in treatment of chronic empyema. 


Sixth surgical service—2. Dry clinic. James W. SEVER: 


Separation of femoral epiphysis. Mark H. RoGers: 
Ankylosed hips. Orto J. HERMANN: Treatment of 
intracapsular fractures of neck of femur, demonstra- 


Fourth surgical service—2. 


Sixth surgical service-—2. 


tion of cases of recent fractures and ununited frac- 
tures. FREDERIC J. Corton: Pelvic fractures. JOSEPH 
H. Bone grafting. 


Ropert M. GREEN, JOHN B. WILLIAMS, FREDERICK L. 


Goop, JoserH P. CoHEN, and associates—g. Gyneco- 
logical and obstetrical operations. 


Thursday 


Otto J. HERMANN, JosepH H. SHORTELL, WILLIAM F. 


CorTtinG, RussELL F. SULLIVAN, THoMAS H. PETEr- 
son, and G. KENNETH CoonsE—g. Operative bone 
and joint clinic. Ward rounds, demonstration of frac- 
ture apparatus, etc. 


Second surgical service—9. RoBERT C. COCHRANE: Total 


thyroidectomy for congestive failure and angina; para- 
thyroid tumors. WiLt1AM R. Morrison: One hun- 
dred perforated ulcers of the stomach and duodenum 
from the Boston City Hospital; stomach surgery, 
motion picture demonstration; demonstration of fol- 
lowing cases—total removal of stomach for cancer 
with anastomosis of the jejunum to the oesophagus, 
hour-glass deformity of the stomach, cholecystgas- 
trotomy formed by nature. THomas K. RicHarps: 
Knee-joint pathology. Joun J. Lucy: Recurrent in- 
tussusception caused by intestinal tumor; carcinoma 
of the sigmoid. Ricuarp I. Smitu: Pancreatitis. 
HERBERT H. Howarp: End-results of bilateral renal 
tuberculosis; importance of postoperative treatment 
of prostatectomized patient. 

Dry clinic. ARTHUR R. 
Krwpton: Civilian gas gangrene; tetanus; use of 
amniotic liquid concentrate; cavernous hemangioma 
of neck; catheter in common bile duct since 1926; 
ununited fractures. Epwarp Harpinc: Demonstra- 
tion of cases. JosEpH H. BuRNEtT: Colles’ fracture 
therapy. H. A. Bouvé: Acute traumatic abdomen. 
Bone and joint dry clinic. 
Wituiam F. Corrine: Gonorrheoeal arthritis of the 
knee. RussELL F. SuLLIVAN: Hallux valgus therapy. 
Orro J. Hermann: Fractures of the os calcis therapy, 
discussion. JoseEpH H. SHortTELL: Bone tumors. 
FREDERICK W. O'BRIEN: Pre- and _ postoperative 
X-ray therapy in malignant tumors of the bone. 
Tuomas H. Peterson: “Fender” fractures. 


Rospert M. GREEN, JOHN B. WILLIAMs, FREDERICK L. 


Goon, JoserpH P. CoHEN, and associates—g. Ob- 
stetrical and gynecological operations. 


Friday 


Artuur R. Kimpton, RoBert C. Cocurane, WILLIAM R. 


Morrison, STEPHEN P. MALLETT, and V. H. Kazan- 
JIAN—o. General surgery, operative clinic. 


Stafi—o. Gynecological and obstetrical operations. 
Staffi—2. Dry clinic. J. J. REGAN and W. B. CastLe: The 


eye in anemic patients. STEPHEN P. MALLETT: Frac- 
tures of the jaw. WritrAm R. Morrison: Visualiza- 
tion of arteries and veins for diagnosis and operation 
of aneurysm; ligation of the first part of right sub- 
clavian artery and subsequent ligation of innominate 
artery for arteriovenous aneurysm of internal jugular 
vein and subclavian artery. Otto J. HERMANN and 
WILLIAM R. Morrison: Chronic subluxation of ster- 
nal end of clavicle. STEPHEN J. Mappock: The 
Baer maggot treatment of chronic osteomyelitis. 


Physiotherapy service—o. Dry clinic. JosEpH RESNIK: 


Electrodiagnosis. JosEPpH GrrprE W. Dick- 
INSON, ARTHUR J. CoLE, WALpo W. Rossins, and 
Stpney M. Srmons: Demonstration of cases and 
treatment. 
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CHILDREN’S HOSPITAL 


Monday 


W. E. Lapp and associates—2. Fractures in children. W. 
E. Lapp: Elbow fractures. T. H. LANMAN: Fractures 
of the femur. P. J. MAnonery: Fractures of both 
bones of the forearm. 


Tuesday 

F. R. OBER and associates—g. Orthopedic operations. 

W. E. Lapp—o:30. Plastic repair of harelip and cleft 
palate, demonstration of cases, motion picture demon- 
stration. 

Tuomas H. LANMAN—1o. Acute osteomyelitis in infancy 
and childhood. 

PATRICK J. MAHONEY—10:30. The use of various types of 
skin grafts in children’s surgery. 

Henry Hupson, Jr.—11. Acute appendicitis in childhood; 
Meckel’s diverticulum. 

Staff—2. Operative clinic, surgery in infants and children. 

Staff—2. Orthopedic clinic. A. T. Lecc: Early treatment 
and the prevention of deformities in poliomyelitis. 
F. R. Oper: Shoulder operations. J. W. SEvER: 
Stabilization of the ankle joint. M. Katzerr: Tendon 
transplants. A. Lecc: Abductor limp. 


Wednesday 

F. R. OBER and associates—g. Orthopedic clinic at Pea- 
body Home. 

Stafli—g:30. Operative clinic. 

W. E. Lapp—2z. Congenital hypertrophic pyloric stenosis; 
intussusception, diagnosis and treatment. 

DonaLp W. MacCot_tumM—z2:30. Treatment of unde- 
scended testes, end-results over a 34 year period. 
Tuomas H. LanmMaAn—3. Chronic pulmonary suppuration, 

demonstration of cases. 

Henry Hupson, Jr.—3:15. Empyema in childhood, its 
treatment. 

SIDNEY FARBER—3:30. Surgical pathology of malignant 
tumors in infancy and childhood, followed by demon- 
stration of pathological specimens in department of 
pathology. 

Epwarp C. Voct—3:45. Roentgenological studies of 
unusual bone tumors in infancy and childhood. 


Thursday 

F. R. OBER and associates—g. Orthopedic operations. 

W. E. Lapp—g:30. Intestinal atresia, diagnosis and treat- 
ment, demonstration of cases, lantern slides. 

PatricK J. MAHONEY—10. Types of tracheo-cesophageal 
fistula; differential diagnosis and operative treatment; 
congenital and acquired cesophageal stricture, demon- 
stration of methods of dilatation. 

W. E. Lapp—10:30. Atresia of the bile ducts, diagnosis and 
treatment; choleductus cyst, diagnosis and treatment. 

Tuomas H. LANMAN—11. Ureteral transplantation for ex- 
strophy of the bladder, demonstration of treated cases. 

Stafi—2. Operative clinic, surgery in infants and children. 

Staff—2. Orthopedic dry clinic. A. H. Brewster: Claw 
feet. F. H. Morris: Torticollis, mastoid approach. 
H. FirzStmmons: Discussion. F, R. OBER: Semilunar 
cartilage. H. FirzSrmmons: Osteoclasis. R. H. 
Morris: Club feet. 


Friday 
Stafi—g9. Orthopedic clinic. S. M. Fircnet: Cleidocranial 
dysostosis. F. R. OBER: Shelf operations; Sprengel’s 
deformity. S. M. Fircuet: Flexion deformity of the 
hips. A. T. LeccG: Coxa plana. J. W. SEVER: Ob- 
stetrical paralysis. 


Staffi—g:30. 
children. 

W. E. Lapp—2. Ulcerative colitis in childhood—diagnosis 
and treatment; demonstration of cases, lantern slide 
demonstration. 

PATRICK J. MAHONEY—2:30. Treatment of fresh burns. 

DonaLtp W. MacCoLttum—2:45. Treatment of hemangi- 
oma by endothermy, demonstration of cases. 

W. E. Lapp—3. Surgical significance of pyuria in infancy 
and childhood, demonstration of cases, lantern slide 
demonstration. 

T. H. LANMAN—3:30. Malignant bladder tumors in child- 
hood. 

CAMBRIDGE CITY HOSPITAL 
Tuesday 

H. H. Germain, D. F. Manoney, E. J. O’Brien, E. 
D’Errico, and E. Downey—g. Dry clinic. H. H. 
GERMAIN: Results in surgery of the shoulder, nerve 
suture; partial rupture of posterior cord of brachial 
plexus; fascial graft for recurrent dislocation of shoul- 
der; arthroplasty of shoulder; arthroplasty for anky- 
losis of temporomaxillary articulation; skin graft for 
extensive burns. D. F. Manonry: End-results in 
fracture of pelvis and humerus. E. J. O’Brien: End- 
results in transurethral resection of the prostate; mas- 
sive diverticulum of the bladder in a child 2% years 
old. E. J. O’BRrEN: X-ray films of injuries to the 
head and spine. B. A. Gopvin and WALDO RossIns: 
Orthopedic clinic; end-results in fracture of hip. E. 
D’Errico: Results in injection treatment of varicose 
veins, moving picture demonstration. E. Downey: 
Injection treatment of hemorrhoids, methods used 
and demonstration of cases. 


Operative clinic, surgery in infants and 


Wednesday 


H. H. Germars—og. Surgical operations. Demonstration: 
Nussbaum operation for leg ulcer (2 cases); tumor of 
the parotid (2 cases). 

Staffi—g. Dry clinic. MAxwELL MacDonatp: Encepha- 
lography as an aid to diagnosis in cerebral lesions. 
G. Miniter and T. FE. Dinan: Results of accessory 
sinus operations, demonstration of cases. R. D. 
Younc: Cesarean section. F. J. Lyncu: To be 
announced. J. J. Murpny: Treatment problems of 
burns in general hospital. J. W. Rockett: Oral sur- 
gery operations. ARTHUR SARGENT and WILLIAM 
LANNIGAN: Orthopedic and fracture clinic. F. O. 
O’BriEN: Traumatic spine and head injuries, demon- 
stration of X-ray films. J. W. Rockerr and F. 
McLean: Fractures of lower and upper jaw. M. 
SHEA: Arthroplasty of lower jaw. 

. J. O’BrrEN and L. RockwELL—10:30. General sur- 
gical operations. . 
*. D’Err1co—2. Acute torsion of great omentum; ap- 
pendicitis complicating pregnancy. 
Thursday 

D. F. MAHonEY—g. General surgical operations. 

J. J. MurpHy—1o:30. General surgical operations; prob- 
lem of rupture of urethra, fracture of pelvis and frac- 
ture of femur. 

F. O. O’BrrEN—11. Traumatic spine and head injuries, 
demonstration of X-ray films. 


MASSACHUSETTS MEMORIAL HOSPITAL 


Daily 
Staff—g. Operative clinics. 
Staff—2. Dry clinics. 


: 
3 
: 
4 
il 
n 
- 
| 
| 
: 
J 
‘ 
: 


BETH ISRAEL HOSPITAL 


Monday 

Stafl—2:30. Dry clinic. Sears: Prophylactic vein 
ligation against embolism from phlebitis of the in- 
ternal saphenous vein. MAXWELL BLOOMBERG: The 
prevention of scar tissue by the use of baudruche, 
experimental and clinical experiences, demonstration 
of cases. WALTER S. LEVENSON: Intraperitoneal ad- 
hesions. A. Lours HERMANSON: Transfusions during 
active bleeding from peptic ulcer. AARON THURMAN: 
Surgical treatment of cholecystitis. JosEpH MEzER: 
Subacute pancreatitis. Boris Rapaport: Compari- 
son of postoperative complications following spinal 
and general anesthesia. 


Tuesday 


Staff—o. Symposium on total thyroidectomy for chronic 
heart disease and angina pectoris. HERRMAN L. BLUM- 
GART: Rationale of total thyroidectomy in chronic 
heart disease. JOSEPH RISEMAN: End-results of total 
thyroidectomy in angina pectoris. Davin Davis: 
End-results of total thyroidectomy in congestive heart 
failure. HeRRMAN L. BLuMGaRT: Indications and con- 
tra-indications for surgery, selection of cases. CHARLES 
G. Mrxrer: General surgical considerations in total 
thyroidectomy. Davip D. Berwin: Technical con- 
siderations in total thyroidectomy. Davin Davis: 
Treatment of postoperative complications. Dorotuy 
GILLIGAN: Parathyroid insufficiency following total 
ablation of the thyroid gland. Mark ALTSCHULE 
and ALFRED WEINSTEIN: Total thyroidectomy, mov- 
ing picture demonstration; demonstration of cases. 

G. Mrxter, Davin D. BERLIN and associates—2. 
Total thyroidectomy. 


Wednesday 

E. GRANVILLE CRABTREE and associates—9. Dry clinic, 
symposium on the female bladder: Demonstration of 
various factors related to function in health, preg- 
nancy and disease; the use of urethrogram and cysto- 
gram in the diagnosis of bladder displacements and 
deformities in the multiparous woman, results of rou- 
tine surgery in such cases; treatment of infections in 
the abnormal bladder. 

W. Jason MIxTER—o. Craniotomy. 

Staffi—2. Dry clinic. Cart BEARSE: Acute appendicitis 
beyond the age of fifty. W. Jason Mrxter: Subject 
to be announced. ARNOLD Starr: Effect of diaphrag- 
matic paralysis on the efficiency of cough. Jacos 
FrvE: Postoperative distention,an experimental study. 
Lours Nason: Gas bacillus infection complicating 
laparotomy. BENJAMIN Banks: Differential diagnosis 
of jaundice. I. R. JANKELSON: Indications for ileos- 
tomy in ulcerative colitis. CHARLES G. MIxTER: 
Regional ileitis. MAurice Barron: Is radical resec- 
tion for carcinoma of the rectum the best procedure? 


Thursday 


Stafi—o. Symposium on total thyroidectomy for chronic 
heart disease and angina pectoris. ‘HERRMAN L. 
BiumMGArT: Rationale of total thyroidectomy in 
chronic heart disease. JOSEPH RISEMAN: End-results 
of total thyroidectomy in angina pectoris. Davin 
Davis: End-results of total thyroidectomy in con- 
gestive heart failure. Herrman L. Biumcart: Indi- 
cations and contra-indications for surgery, selection 
of cases. CHARLES G. MrxTer: General surgical con- 
siderations in total thyroidectomy. Davin D. BERLIN 


SURGERY, GYNECOLOGY AND OBSTETRICS 


PEER JOHNSON and JoHN ApAMS—1o. Fracture clinic. 


Technical considerations in total thyroidectomy. 
Davip Davis: The treatment of postoperative com- 
plications. DorotHy GILLIGAN: Parathyroid insuffi- 
ciency following total ablation of the thyroid gland. 
Mark ALTSCHULE and ALFRED WEINSTEIN: Total 
thyroidectomy, moving picture demonstration; dem- 
onstration of cases. 


Cartes G. Mrxter, DAvip D. BERLIN and associates—2. 


Total thyroidectomy. 


E. GRANVILLE CRABTREE and associates—2. Bladder 


surgery, operative and dry clinic. 
Friday 


Mark Rocers and associates—g. Orthopedic dry clinic: 


Methods and results of manipulation of subdeltoid 
bursitis; slipping epiphysis, femoral neck; club foot, 
demonstration of application of plaster cast; method 
of drainage of septic knees, posterior incision; stenos- 
ing tenovaginitis, operative results; Nicola operation, 
end-results in three cases of recurrent dislocation of 
the shoulder; marble bones, repeated fracture of the 
femur; fractures of the long bones in Paget’s disease; 
compression fractuies of the spine in diabetes and old 
age; correction of hallux valgus, temporary paralysis 
of the sensory nerve affecting the joint. 


Cuares G. MIxtTer and associates—g. General surgical 


operations. 


Staff—1o:30. Dry clinic. DAmeEsHEK: Blood 


changes in surgical conditions. HymMAN Morrison: 
Nonsurgical simulating acute surgical disease. Harry 
Derow: Significance of postoperative rise in non- 
protein nitrogen. ARNOLD STARR and S. RICHARD 
MUELLNER: Postoperative renal suppression. CHARLES 
G. Mrxter: Surgery of the large intestine. S. GARGILL 
and M. Fatcon-LessEs: Thyroid clinic experiences. 


FE. GRANVILLE CRABTREE and associates—2. Renal sur- 


gery. 
Staff—2. Symposium on tumors. WILLIAM DAMESHEK: 


Malignancies of the blood forming organs. HARRY 
F, FrrepMAN and Louis M. FREEDMAN: Laryngeal! 
carcinoma, diagnosis and treatment, presentation of 
cases. RevuBEN B. Davinorr: Differential diagnosis 
of breast tumors. CHARLES G. MIxter: Surgical 
treatment of breast tumors. Harry F. FRIEDMAN: 
Radiation treatment of breast tumors. MONROE J. 
SCHLESINGER: The diagnosis of malignancy from 
ascitic and pleural fluids. Harry F. FrrepMAN and 
Louts ALBERT: Policy toward married women in re- 
gard to carcinoma of the uterine cervix. Jacos H. 
ScHWARTz : Diagnosis of carcinoma of the skin. HARRY 
F. FrrepMAN: Cinema of radium treatment of carci- 
noma of skin. SAMUEL A. Rosrns: Roentgen diagno- 
sis of renal tumors. E. GRANVILLE CRABTREE: Sur- 
gery in renal tumors. GrorGE C. PRATHER: Results 
of surgery in renal tumors; testicular tumors. 


Daily Exhibit in Medical Research Laboratories 


WitirAM DAMESHEK: Blood changes in surgical conditions. 


HERRMAN L. Biumcart: Total thyroidectomy for 
chronic heart disease. Harry A. Derow: Renal func- 
tion tests in surgery. SAMUEL A. Rosrns: Demon- 
stration of interesting or unusual X-ray films. Mon- 
ROE J. SCHLESINGER: Surgical pathological specimens 
with case histories. 


BEVERLY HOSPITAL 
Thursday 
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PETER BENT BRIGHAM HOSPITAL 


Monday 
Davip CHEEVER—2. Surgical clinic. 
H. F. NEwron—3. Thoracoplasty. 
S, A. LevinE—3:30. Circulatory emergencies in surgical 
patients. 
Tuesday 
Staff—o. Genera surgery, operative clinic. 
C. CuTLER—2. Total thyroidectomy. 
C. L. DertckK—3. Symptoms and diagnosis of vascular 
thrombosis. 
Joun Homans—3:30. Swollen legs. 


Wednesday 
Staff—o9. General surgery, operative clinic. 
Henry A. CuristIAN—2. Medical clinic. 
M. C. Sosman—3. Recent developments in diagnostic 
radiology. 
E. S. Emery, JR.—3:30. Results of surgical procedures 
for relief of peptic ulcer. 


Thursday 
Staff—o. General surgery, operative clinic. 
W. C. Quinsy—z. Indications for and results of total 
cystectomy. 
J. C. Ecxets and G. P, Denervated 
kidney, studied by means of the divided bladder. 
M. S. Strock—3. Methods of fixation of fractures of the 


jaw. 
S. B. Worspacu—3:30. Demonstration of surgical pa- 
thology. 
Friday 


Staff—o. General surgery, operative clinic. 

Davio CHEEVER—2. Cancer of the stomach. 

F. C. NEwron—2:30. Cancer of the rectum. 

Rk. Frrz—3. Function of the spleen. 

W. P. MurpHy—3:30. Treatment of pernicious anemia, 
motion picture demonstration. 

F. R. OBER—3:45. Treatment of neuromuscular sequel 
of pernicious anemia. 


HARVARD MEDICAL SCHOOL 


Monday 
G. KENNETH CoonsE and Orro AuFRANC—z. (Bldg. C). 
Demonstration of the mechanical factors controlling 
the pulmonary circulation. 
CHARLES L. ScuppDER and associates—2. (Bldg. E). Sym- 
posium on fractures. 


Tuesday 
Building D—2 
GrorGE B. WisLocki. Studies in mammalian reproduc- 
tion. 
Vaty MENKIN. Some problems of inflammation related to 
surgery. 
Henry G. Scuwartz. An experimental study of sympa- 
thetic reflexes. 

J. L. Bremer. The postnatal growth of the mammalian 
lung. 

Harovtp L. WEATHERFORD. The finer changes in the liver 
cells in anaphylactic shock. 

Lester S. Kino. Some aspects of the hemato-encephalic 
barrier. 

Building E—2 

G. A. BENNETT and WALTER BAUER. 
resulting from trauma. 

Hucu K. Warp. Streptococcal infections. 


Joint changes 


Ceci K. DRINKER. The physiology of the lymphatic 
system and its bearing on certain problems in surgery. 


Wednesday 
Building C—2 

HALLOWELL Davis. Effect of cerebral anemia on the elec- 
trical response of the cortex. 

M. I. GREGERSEN. The use of hypertonic sucrose solution 
to reduce cerebrospinal fluid pressure without a sec- 
ondary rise. 

WALTER B. Cannon. Some relations of the sympathetic 
nervous system to surgery. 


Building B—2 
Davip CHEEVER. Surgical anatomy of the abdomen, dem- 
onstrations on cadaver. 


Building E—2 
FRANK OBER and associates. Orthopedic problems from 
Children’s Hospital. A. H. Brewster: Scoliosis. J. 
Kuuns: Posture and postural scoliosis. P. Norton: 
Posterior transplants. H. FirzSmmmons: Congenital 
deformities. 
Thursday 
CuarLEs L. ScuppeErR and associates—2 (Bldg. E). Sym- 
posium on fractures. 
Friday 
Symposium on Industrial Surgery—2—Building C 
Joun D. Apams and W. A. Rocers. Injuries of the back. 
HENRY Mars te, F. J. Corron, and J. D. Apams. Injuries 
of the nervous system. 
F. J. Corron and J. H. Burnett. Colles’ fracture. 


Orthopedic Clinic—2—Building E 
W. GREEN. Osteomyelitis in infants and children. 
R. H. Morris. Septic hips with involved heads. 
A. T. Lecc. Osteomyelitis of the tarsus. 
R. Jopiin. Multiple myeloma. 
A. H. Brewster. Peroneal spasm. 
R. H. Morris. Knee flexion. 


Daily 
Warren Museum—M. Canavan, Curator—2 
Demonstration of Dwight collection of spines illustrating 
deformities, anomalies, diseases. Bone tumors, with 
X-rays, histories, and microscopic slides, with micro- 
scopes available for examination (some of these speci- 
mens were used in the illustrations in the monograph 
on “Bone Sarcoma” issued by the American College 
of Surgeons). Models showing various types of club 
feet and effects of operation. Pictures illustrating 
pathological conditions of bone in Dr. Nichols’ col- 
lection. Fractures and dislocations of bones as they 
existed before industrial plants provided so many safe- 
guards. Tuberculosis of bones and joints. Syphilis of 
bones. Dislocation of ends of bones. Collection of old 
surgical instruments, obstetrical forceps, turnkeys for 
extracting teeth, urological tools, cupping and leeching 
instruments. 


HARVARD UNIVERSITY 
(Dillon Field House, Soldier’s Field) 
Opposite Harvard Stadium, Allston, Mass. 
Wednesday 
AuGustus THORNDIKE, JR.—2. Care and prevention of 
traumatic injuries in athletics; demonstration of pro- 
tective strapping, padding, and apparatus used in 
modern athletics. 
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ST. ELIZABETH’S HOSPITAL 


Tuesday 

Joseru STANTON—9. Subtotal thyroidectomy. 

GEORGE KEENAN—9. Hysterectomy. 

CHARLES KICKHAM—9. Supravaginal hysterectomy. 

Kk. J. O’BrrEN—9. Transurethral resection of prostate. 

E. M. Hopckrns—1o. Repair of postincisional hernia with 
peritoneal fascial strips, by utilizing sac. 

Joun SpELLMAN—10. Radical operation for cancer of 
tongue. 

THOMAS BRODERICK—10. Spine fusion. 

BENEvIcT BOLAND—11. Low transverse cervical section. 

LAURENCE Louts—1i1, Total thyroidectomy. 

Staff—z2. Dry clinic. CHARLES KickHam: Series of spon- 
taneous rupture of the uterus. RUSSELL SULLIVAN: 
End-results of bone and joint problems. LAURENCE 
Louis: Postoperative total thyroidectomy for (a) 
angina pectoris, (b) congestive heart disease. FRANCIS 
P. McCartuy: Frozen sections; demonstration and 
discussion of pathological specimens. 


Wednesday 

Josep STANTON—9. Hysterectomy. 

GEORGE KEENAN—g. Cholecystectomy. 

RUSSELL SULLIVAN—9. Nicola operation for recurrence of 
dislocation of shoulder. 

LaurENcE Louts—g. Radical operation, cancer of breast. 

J. Nephrectomy for tuberculous kidney. 

Wittiam McDonaLtp—1o, Operation for correction of 
childbirth injury. 

Tuomas BroperickK—to. Reconstruction of hip joint. 

M. McGarty—t1o. Removal of cartilage from knee joint. 

Epwarb Hopckins—11. Kepair of recurrent inguinal her- 
nia with fascial strips. 

Martin SpELLMAN—11. Sacro-iliac arthrodesis. 

Staff—2. Dry clinic. Dotan: Industrial sur- 
gery. JOHN WuorISKEY: Diseases of the gall bladder, 
medical cases either refusing operation or being surgi- 
cally unfit, demonstration of cases. FRANK JANTZEN: 
Cholecystitis and liver dysfunction (a) with hypo- 
pituitary syndrome, (b) with hypothyroid syndrome. 
MicwaEL McGarty: Flap graft in reconstruction of 
foot. Joun Casey: Disease of spleen from a surgical 
standpoint. THoMAS BropEricK: Demonstration of 
spinal cases with operative technique, lantern slides. 


Thursday 

JosErH STANTON— 9. Gastro-enterostomy. 

BRYANT WETHERELL—9. Nephrectomy. 

FRANK JANTZEN—g9. Inguinal herniotomy under local 
anesthesia. 

Epwarb Hopckins—9. Gastro-enterostomy. 

THOMAS BRODERICK—1!0. Reconstruction of hip joint. 

CHARLES KicKHAM—1o. Prolapsed uterus with perineal 
repair and suspension. 

DonovAN—1o. Suprapubic prostatectomy. 

Epwarp O’BrIEN—1!0. Suprapubic cystostomy. 

MicuarEt McGarty—11. Fascial repair of double recur- 
rent inguinal hernia. 

BENEpIcT BOLAND—11. Tubal plastic for sterility. 

Stafi—2. Dry clinic. O’HALLORAN: Medicine 
from a pre-operative and postoperative standpoint. 
Bryant WETHERELL: Discussion of diagnosis of car- 
cinoma of bladder. Witt1AmM McDonatp: Polyneu- 
ritis in pregnancy. JAMES LyncH: Vulval phlebitis 
complicating pregnancy, antenatal. Jos—EpH STANTON: 
Hypocalcemia of unusual origin, gastric ulcer; demon- 
stration of interesting clinical cases. 


NEWTON HOSPITAL 


Tuesday 

. D. LEoNARD—g. Breast amputation. 

M. Morrison—g. Reconstruction of elbow. 

K. Coonse—g. Operation for fractured patelle. 

G. CRABTREE—9. Cystotomy. 

W. Marvin—o. Pantocain anesthesia. 

G. Nutrer—o:15. Desmoid cysts of the abdomen. 

I. SmirH—g:30. Carcinoma of the duodenum. 

C. PRATHER—9:30. Renal calculus. 

P. BracKett—10. Strangulated hernia in the aged. 

G. Nutrer—~1o. Hysterectomy for fibroids. 

K. Coonse—1o. Triceps repair of olecranon fracture. 

M. Morrison—to. Ankle fractures. 

R. CLarK—1o0. Cesarean section. 

. WatTERS—1o:15. Intussusception in infancy. 

. G. WiLcox—io:30. Pyosalpinx. 

E. D. Leonarp—10:45. Paralytic ileus. 

R. I. SmitH—11. Complete thyroidectomy for angina 
pectoris. 

N. P. BracKETT—11. Cholecystectomy. 

H. G. Dunpny—1r. Ligation of saphenous vein for vari- 
cose ulcer. 

Fracture and orthopedic services—g. Dry clinic: Demon- 
stration of application of plaster casts, Boehler tech- 
nique; application of Anderson well leg traction appa- 
ratus; treatment of fractures of the spine, including 
hyperextension, frames, jackets, etc.; treatment of 
Colles’ fracture by Cotton-Loder method; demonstra- 
tion of new type humeral traction abduction splint. 

Staff—2. Symposium on obstetrics. E. GRANVILLE CRAB- 
TREE: Discussion of urinary tract infection in preg- 
nancy. GEORGE C. PRaTHER: Discussion of lone kid- 
neys in pregnancy. F. R. Ciark, M. F. Eapbes, and 
G. E. May: Pre- and postoperative care of patients. 

Rosert G. VANCE—2. X-rays of traumatic skulls. 


OM 


PALMER MEMORIAL HOSPITAL 


Tuesday 

Stafi—o. Treatment of malignant disease, including sur- 
gery, clectrosurgery, and radium implantation, opera- 
tive clinic. 

Staff—2. Dry clinics. G. A. LELAND: Carcinoma of cer- 
vix. FLETCHER Copy: Urinary tract complications 
from carcinoma of the cervix. L. S. McKittrick: 
Interstitial radiation for carcinoma of the breast. R. 
H. Dresser: Irradiation of the ovary in cancer of the 
breast. GEORGE G. Smit: Diversion of the urinary 
stream. JoHN Hopcson: Relief of pain in malignant 
disease. 

Wednesday 

Staff—o. Treatment of malignant disease including sur- 

gery, electrosurgery, and radium implantation, opera- 


tive clinic. 
Thursday 


Staff—2. Dry clinics. D. F. Jones: Surgical management 
of carcinoma of the rectum. L. S. McKittrick: Fac- 
tors favoring early diagnosis of cancer of the colon, 
principles of treatment. R. H. Sweet: Polyposis of 
the colon. SHrELDS WARREN: Pathological aspects of 
rectal polypi. WyMAN RIcHARDSON: Blood dyscrasias 
after gastrectomy and short-circuiting operations on 
the intestinal tract. 


Friday 
Staff—o. Treatment of malignant disease, surgery, elec- 
trosurgery, and radium implantation, operative clinic. 
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NEW ENGLAND DEACONESS HOSPITAL 


Tuesday 

F. H. Laney, H. M. Cuiure, R. B. Catrett, and R. H. 
OvERHOLT—9. General surgical operations. 

GiLBERT Horrax and JAMes Poppen—g. Neurosurgical 
operations. 

RicHaRD H. OvERHOLT—g. Thoracic surgery operations. 

G. E. HAGGART—g. Orthopedic operations. 

James B. Hicks—g. Urolological operations. 

Lincoln F. Sise, E. Woopsriwce, and URBAN 
EVERSOLE—g. Anesthesia. 

H. Laney—g. (Esophageal diverticulum, dry clinic. 

GILBERT HorRAX—o. Malignant exophthalmos, dry clinic. 

Staff—2. Dry clinics. H. M. CLute: Management of 
obstructive jaundice; exploration of common duct. 
GILBERT Horrax: Brain tumors; malignant exoph- 
thalmos. SARA M. Jorpan: Gastric cancer and ulcer; 
gastrojejunal ulcer. F. H. Laney: Total gastrectomy 
for cancer; gastrojejunal colic fistula; surgery of in- 
tractable ulcer. Everetr Krerer: Hemorrhage in 
peptic ulcer. RicHARD B. CaTreLL: Embolectomy; 
parathyroid tetany. 


Wednesday 

F. H. Laney, H. M. Cure, R. B. CatTre and R. H. 
OVERHOLT—9. General surgical operations. 

GILBERT Horrax and JAMES PoppEN—g. Neurosurgical 
operations. 

RicHaRD H. OvERHOLT—9. Thoracic surgery operations. 

G. E. HAGGART—g. Orthopedic operations. 

James B. Hicks—g. Urological operations. 

Lincotn F. SisE, Pattie D. Woopsrince, and URBAN 
EVvERSOLE—9. Anesthesia. 

Staff—2. Dry clinics. G. E. Haccart: Subdeltoid bur- 
sitis; treatment of flexion deformities. James L. Pop- 
PEN: End-results in trigeminal neuralgia; spinal fluid 
pressure dynamics. FRANK H. Laney: (sophageal 
diverticulum; hyperthyroidism. H. M. CLure: End- 
results in hyperthyroidism. Lewis M. HurxTHat: 
Thyrocardiac patients. EVERETT Ulcerative 
colitis. RicHarD B. CATTELL: Surgical treatment of 
ulcerative colitis. RICHARD OVERHOLT: Limited tho- 
racoplasty in pulmonary tuberculosis; cancer of lung. 


Thursday 


E. P. Jostrn, H. F. Root, L. S. McKitrrick, and T. C. 
Pratt—g. Surgical and medical diabetic ward rounds. 

T. C. Pratr—1o0:30. Thigh amputation for diabetic gan- 
grene. 

L. S. McKitrrick—10:30. Gritti-Stokes amputation for 
diabetic gangrene. 

Stafi—2. Dry clinic: Surgery in diabetes mellitus. E. P. 
Josxtn: Medical care of the surgical patient. L. Ricu- 
ARDS: Otolaryngological aspect of diabetes. J. H. 
Waite: Cataract surgery in diabetes mellitus. Gan- 
grene and infection of the lower extremities. H. F. 
Root: Preventive measures. L.S. McKirrrick: Fac- 
tors influencing the level of amputation. T. C. Pratt: 
Indications for guillotine amputation. R. S. Titus: 
Obstetrics in diabetes. MARK RoGeERs: Depressed 
fracture of the spine in diabetes; subdeltoid bursitis 
in diabetes mellitus. 


Friday 
F. H. Laney, H. M. Ciurte, R. B. CATTe.t, and R. H. 
OvERHOLT—9g. General surgical operations. 
GILBERT Horrax and JAMES PoppeN—g. Neurosurgical 
operations. 
Ricuarp H. OvERHOLT—g. Thoracic surgery operations. 
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G. E. Haccart—g. Orthopedic operations. 

James B. Hicks—g. Urological operations. 

Lincoun F. Sise, Pottre D. WoopsripGe, and URBAN 
EversoLe—g. Anesthesia. 

Staff—2. Dry clinics. R. B. CATTrett: Cancer of the colon 
and rectum. GILBERT HorrAx: Root resection for 
trigeminal neuralgia; cordotomy for pain. JAMES Pop- 
PEN: Spinal cord tumors. RiIcHARD OVERHOLT: Can- 
cer of the breast. James B. Hicks: Transurethral 
resection of the prostate. H. M. CLutr: Subphrenic 
abscess. F. H. Laney and FRANK N. ALLAN: Para- 
thyroid tumors. 


NEW ENGLAND HOSPITAL FOR WOMEN 
AND CHILDREN 
Tuesday 

Letitia D. ApAms, BLANCHE ATWOOD AND GRACE ROcH- 
FORD—9. Surgical operations. 

Stafi—2. Dry clinics. Grace Rocurorp and 
Woopman: Dr. Alonzo Paine’s method of delivering 
posterior positions, motion picture and manikin 
demonstration, In1A GALLIANI: Carcinoma fundus in 
a young woman treated for amenorrhcca with Antui- 
trin S. ANstis MANTON: Fibrosarcoma of liver in 
child of six. Freticta BANAS: Carcinoma of kidney 
with metastases in child of three. Mrr1AM KatzerFF: 
Familial muscular dystrophy, demonstration of cases 
and motion pictures. BLANCHE Atwoop: Demonstra- 
tion of an unusual type of fracture of pelvis with spe- 
cial apparatus used. Otca C. Leary: Unusual path- 
ological specimens with case histories. 


Wednesday 

Letitia D. ApAms, BLANCHE ATwoop and GRACE Rocu- 
FORD—9. Surgical operations. 

MARJorIE WoopMAN, Dr. FRIEDMAN, R. A. DRAPER, DR. 
Grsson, E. A. Potcart and M. K. MAtarazzo—o. 
Obstetrical clinic: Demonstration of analgesia, ma- 
ternity ward rounds, prenatal clinics, parent-teaching 


clinics. 
Thursday 
Letit1A D. ApAms, BLANCHE ATwoop and GRACE Rocu- 
FORD—9. Surgical operations. 
Friday 
Letitia D. ApAms, BLANCHE AtTwoop and GRACE RocuH- 
FORD—g. Surgical operations. 


ROBERT B. BRIGHAM HOSPITAL 
Monday 
L. M. SpEAR—z2. Classification of types of arthritis. 


L. T. Swam and J. Kunns—3. Treatment and orthopedic 
principles involved in arthritis. 


Tuesday 
H. K. THompson—z. Clinical analysis of arthritis with 
reference to classification and treatment. ; 
P. D. Witson and S. Roperts—3. Discussion of operative 
procedures, demonstration of end-results. 


Wednesday 
L. M. SpEAR—2. Classification of types of arthritis. 
L. T. Swam and J. Kunns—3. Treatment and orthopedic 
principles involved in arthritis. 


Thursday 
H. K. Toompson—z. Clinical analysis of arthritis with 
reference to classification and treatment. 


P. D. Witson and S. RoBerts—3. Discussion of operative 
procedures, demonstration of end-results. 


d 
ure. 
igina 
vari- 
mon- 
tech- 
ippa- 
iding 
it of 
istra- 
nt. 
"RAB- 
preg- 
kid- 
, and 
ents, 
sur- 
pera- 
f cer- 
tions 
RICK: 
of the 
inary 
mant 
sur- 
pera 
Fac- ~ 
-olon, 
sis of 
cts of Be 
raslas | 
ns on 
-elec- 


564 


BOSTON DISPENSARY 


Tuesday 


Tumor clinic staff_—o. Dry clinic. FRANK W. MARVIN: 
Anesthesia in operative cases. CHARLES M. PRocTOR: 
Precancerous and benign lesions of the oral cavity. 
Cuartes E. Dumas: Radium technique in malig- 
nancy of the throat. Leroy A. ScHALL: Treatment 
of cancer of tonsil. GrorGe S. SPEARE: Malignant 
degeneration of sebaceous cysts. Louis E. PHANEUF: 
Precancerous lesions and cancer of the cervix, lantern 
slide demonstration. ALICE EttinGER: Early diag- 
nosis of malignancy of gastro-intestinal tract by relief 
method. HAroitp A. CHAMBERLIN: Papillary tumors 
of the kidney pelvis. RoGer C. Graves: Manage- 
ment of cancer of penis with particular reference to 
a modified operation for advanced cases. Myron J. 
Haun: Cancer of the prostatic capsule. ISADORE 
OLeF: Management of malignancy of the lymphatic 
system. Hitpert F, Day: Cancer of breast, end- 
results of dispensary and personal cases. JOEL ROSEN- 
BERG: Bleeding carcinoma of breast without tumor. 
Wituiam M. SHeppen: Management of cancer of 
rectum with particular reference to irradiation. 
Harotp McManon: Relation of pathology depart- 
ment to tumor clinic. 


Wednesday 
Staff—1o. Dry clinic. Oxitver G. TrykHam: Clinical 
teaching of third year medical students. FRAncts P. 
Barnum: Use of adhesive plaster. P. A. CONSALEs: 
Adenomatous changes in aberrant thyroid. HILBERT 
F. Day: Management of a varicose vein clinic, where 
over 150 treatments a week are given. EpwArp 7. 
Wuitney: Varicose ulcers, demonstration of cases 
and treatment. WALTER S. Levenson: High ligation 
of varicose veins. WiLuiAM M. Santoro: Injection 
treatment of varicoceles. S. Seymour Horwick: Re- 
sults of multiple injections of varicose veins at same 
visit. Hitpert F. Day: Results of excision of sloughs 

following injection treatment. 


Thursday 


Staffi—o. Dry clinic. Joun D. Apams: Shueller-Christian 
disease (xanthomatosis); bone tumors. Roy E. 
Masrey: Chordoma and chondrosarcoma. WILLIAM 
A. Hinton: Detection of syphilis as an aid in practice 
of surgery. Francis M. Tuurmon: Syphilis and the 
differential diagnosis of surgical conditions. JosEPH 
SKIRBALL: Ophthalmic studies in syphilis. Grace 
E. Rocurorp: An unusual gynecological condition. 
Louis A. O. Goppu: Pain in the shoulder girdle. 
Rosert W. Buck: Kidney function; renal function 
tests. Wittiam E. Davis: Some observations in 
treatment of peptic ulcer in out-patient clinic. ALICE 
Errincer: Diagnosis of activity of duodenal ulcer 
by X-ray. KATHERINE S. ANDREWs: Hiatus hernias. 
Hivsert F. Day: Solitary gall-stone pain relieved by 
posture. Demonstration of interesting X-ray plates 
of peptic ulcer and gall-bladder disease. 


WALTHAM HOSPITAL 


Friday 

R. L. DENormANvrIz, T. W. Harmer, D. Munro, J. D. 
Barney, J. W. Sever, H. Q. GALLUPE, R. COLLINs, 
and H. A. Woop—go. Surgical operations. 

R. L. DENorMANpIE, T. W. Harmer, D. Munro, J. D. 
Barney, J. W. Sever, H. Q. GattupE, R. CoLitns, 
and H. A. Woop—z2. Dry clinics: General surgery, 
orthopedics, obstetrics, pathology, etc. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


FREE HOSPITAL FOR WOMEN 


Tuesday 


F. A. Pemperton, G. V. Smitn, and S. C. GRAvEs—o. 
Operative and dry clinic: Carcinoma of cervix uteri, 
treatment and results, prevention, diagnosis of eariy 
cases, relation to cervicitis and its treatment, compli- 
cations of radium treatment, relief of pain; carcinoma 
of fundus uteri, treatment and results, classification; 
other tumors of uterus—fibroids, adenomyoma. 


Wednesday 
F. A. PemBerton, G. V. SmitH, and YouNGE—»o. 
Operative and dry clinic: Tumors of the ovary, diag- 
nosis, treatment, and results. Cystadenoma, granulosa 
cell tumor, Brenner tumor, teratoma; endometriosis, 
diagnosis and treatment; tumors of tubes, round liga- 
ments, and vagina. 
Thursday 


G. V. Smita and Joun Rock—g. Operative and dry clinic: 
Sterility, diagnosis, treatment and results; menor- 
rhagia and metrorrhagia, diagnosis, treatment and 
results; endocrine research; dysmenorrhcea. 


Friday 
F. A. PEMBERTON, E. B. SHEEHAN, and S. C. GRAVES—o. 
Operative and dry clinic: Prolapse, procidentia; com- 
lete tear of perineum; vesico- and rectovaginal fistu- 
w; kraurosis vulve, carcinoma vulve; Trichomonas 
vaginale; tumors of breast, value of X-ray treatment. 


PONDVILLE STATE CANCER HOSPITAL 


Tuesday—2 

Ernest M. DALANb. The Massachusetts cancer program. 

Henry JACKSON, JR. Some aspects of malignant lym- 
phoma. 

Jor V. Mercs. Ovarian tumors. 

LANGDON Parsons. Treatment of cancer of the cervix by 
X-ray followed by radium. 

Rocer Graves. Cancer of the prostate with metastases. 

CHARLES KickHAM. Cancer of the penis. 

CHARLES Dumas. X-ray treatment of advanced skin 
cancer, demonstration of cases. 

Friday—2 

GRANTLEY TAyLor. Radium needles in cancer of breast. 

Horatio Rocers. Chronic cystic mastitis. 

RicHarD Dresser. X-ray in the diagnosis of gastro- 
intestinal cancer. 

SHIELDS WARREN. Changes in tumor tissue caused by 
radiation. 

Joun Hopcson. Treatment of pain in cancer patients. 

CarL ERNLUND. Cancer of the antrum, demonstration of 
cases. 


INDUSTRIAL SURGERY 


Tuesday 
H. C. Marste and H. P. Tow e (142 Berkeley Street)—o9. 
D. Lyncu and B. Gopvin (245 State Street)—o. 
Wednesday 
G. W. Morse (31 St. James Avenue)—o. 
Thursday 
Dotan (110 Milk Street)—o. 
Friday 
J. H. SHoRTELL (260 Tremont Street)—o. 
D. Lyncu and B. Gopvin (245 State Street)—9. 
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FAULKNER HOSPITAL 


Wednesday 


|. J. Corton, E. G. Brackett, and associates—g. Bone 
and joint clinic, operative and dry. 

“taff—2. Dry clinic. E. G. Brackett: Hip fracture. 
F, J. Corron: Bone tumors; fractures of pelvis. 
H. C. Marsie: Hand surgery; fractures of the fore- 
arm. J. D. Apams: Industrial lesions of the knee. 
Witt1AM A. Rocers: Compression fracture of spine. 
E. A. CopMan: Shoulder lesions. B. Gopvin: Os 
calcis fractures. W. F. Corrinc: Ankle fractures. 
H. K. Sowers: Elbow fractures. Demonstration of 
X-ray plates and pathological specimens. 


Thursday 
L. Youn, Jr., R. C. Cocurane, A. R. Krupton, and 
associates—g. Operative clinic. 

) R. TorsBert and R. S. Trrus—11. Obstetrical clinic. 

‘ W. Wiccin—11. Postoperative pulmonary complica- 
tions. 

‘ aff—2. Symposium on pre-operative immunization of 
the peritoneal cavity: H. L. Jounson: Theoretical 
and experimental evidence of the benefit of amfetin. 
E. L. Youne, Jr. and Everett O’NEt: Clinical evi- 
dence of immunity from amfetin injection. R. C 
CocHRANE and Burton Hamitton: Total thyroidec- 
tomy for heart disease. F. G. BAtcn, Jr.: Injection 
treatment of hemorrhoids. 


( OLLIS P. HUNTINGTON MEMORIAL HOSPITAL 


Monday 


S:aff—2:15. Tumors and diseases of bones, dry clinic. 
J. C. Aus: Calcium metabolism in diseases of the 
bones. CHANNING C. Simmons: Malignant tumors of 
bone. RIcHARD Dresser: Radiological diagnosis of 
bone tumors and certain rare forms of skeletal diseases. 
C. C. FRANSEEN: The phosphatase content of the 
blood in bone tumors and skeletal diseases. 

GeorGE A. LELAND and J. V. MeIGs—3:30. Carcinoma 
of the cervix. 

Friday 

Staff—2:15. Carcinoma of the oral mucous membrane, dry 
clinic. CHANNING C. Stmmons: Choice of treatment 
in the individual case. C. C. Lunn: Results of treat- 
ment of cancer of lip. GRANTLEY W. Taytor: Carci- 
noma of the mouth in the female. R1cHarD DRESSER: 
Radiation treatment of oral carcinoma. CHARLES B. 
Hopkins: Prophylaxis of cancer of the mouth. 
Somers Sturcis: Electrical currents between fillings 
of different metals as an etiological factor in leuco- 
plakia and carcinoma of the mouth. 

I. W. HerMAN and Leroy A. ScHALL—3:30. Carcinoma 
of the accessory sinuses, tonsils, and larynx. 


STATE PRISON COLONY 


Day to be announced 

HitBert Day. Practice of medicine in a modern correc- 
tional institution. 

WILFRED BLOOMBERG. Psychiatric approach to prison 
medicine. 

Henry R. Craic. Unusual incidence of peptic ulcer in 
a prison population. 

GrorcE H. Lyons. Miror surgical injuries in a protected 
population. 

GEORGE RotusBLatTt. Dental conditions causing person- 

ality changes. 
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CAMBRIDGE HOSPITAL 


Tuesday 

Staff—g. General surgical operations. 

Staff—9. Dry clinic. A. W. DupLey: Subject to be 
announced. H. F. Day, E. H. McManon and H. P. 
STEVENS: Lipoid degeneration of uterus. SoMERS 
FRAZER: Subject to be announced. Davip Rose: 
Subject to be announced. C. T. O’Connor: Cesarean 
section. H. L. Sever: Delivery of a living child from 
dead mother. E. H. McMaunon: Pathological subject 
to be announced. T. H. LAnMAN, P. J. MAHONEY and 

. W. Nicuots: Subject to be announced. W. 
STEWART WHITTEMORE: Subject to be announced. 

Staff—2. Dry clinic. A. H. Crospre and H. A. CHAMBER- 
LAIN: Horseshoe kidney. H. F. Day: Effect of pos- 
ture on the solitary gallstone. S. S. HANFLIG: Os- 
teomyelitis. StanLtEy Nowak: Subject to be an- 
nounced. Oscar RAEDER: Subject to be announced. 
H. P. Stevens: Analysis of cases of biliary surgery. 


NEW ENGLAND BAPTIST HOSPITAL 


Tuesday 

Hatsey B. Loper—g. Operative clinic. 

Staff—o. Dry clinics. Hatsry B. Loper: Portal throm- 
bosis; ulcerative colitis; gall stones, pancreatitis; uter- 
ine fibroids. A. A. Hornor: Ulcerative colitis. Ros- 
ERT L. DENoRMANDIE and Detos J. Bristo: Blood 
transfusion in obstetrics; management of borderline 
obstetrical cases; anesthesia and analgesia in obstet- 
rics; prevention of eclampsia. 


Thursday 

F. H. Laney, H. M. Cuiute, R. B. CATTe.t, and R. H. 
OvERHOLT—g. General surgery, operative clinic. 

GILBERT Horrax and JAMES PoppeN—g. Neurosurgical 
operations. 

G. E. HaAGGArtT—9. Orthopedic surgery. 

James B. Hicks—g. Urological surgery. 

F. Sise, Pattie D. Woopprmce, and URBAN 
EveRSOLE—g. Anesthesia. 


BOSTON LYING-IN HOSPITAL 


Tuesday and Thursday 

FREDERICK C. IRVING and associates—9. Obstetrical oper- 
ations; demonstrations of premature nursery, X-ray 
department, research laboratories, and hospital wards. 

FREDERICK C, IRVING and associates—2. Dry clinic: Fetal 
roentgenometry; anemia in pregnancy; treatment of 
heart disease in pregnancy; treatment of diabetes in 
pregnancy; management of neglected cases of cephalo- 
pelvic disproportion; treatment of placenta previa; 
separation of the symphysis pubis; kidney function 
tests in pregnancy; classification of the albuminuric 
and hypertensive conditions in pregnancy; factors 
which make for viability in premature infants; 
erythroblastosis fetalis; barbiturates and other anal- 
gesic drugs in labor. 


SYMMES ARLINGTON HOSPITAL 


Tuesday 


F. J. Corron—g. Bone and joint surgery. 

A. L. Bretr—o. Tumor of the spinal cord; shoulder 
arthrodesis. 

G. P. TowLe—g. General surgery. 

S. G. JonEs—g. Volkmann’s paralysis. 
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EVANGELINE BOOTH MATERNITY HOSPITAL 


Wednesday 

A. K. Patne, H. S. Frnxet, W. J. McDonatp, M. G. 
BERLIN, J. Hopkins, D. GoLprars, A. A. LEvt, J. J. 
Conway, H. BAKeEr, S. Oscoop, and R. T. PaILiips 
—g. Gynecological operations and obstetrical pro- 
cedures. 

Staff—z. A review by demonstration, charts, pictures, and 
exhibits, of the obstetrical experience of the Booth 
Hospital: Maternal mortality, factors responsible for 
the declining rate at the Booth Hospital; the bleeding 
cases, statistics, management, and results; obstetrical 
sepsis; amnesia, analgesia, and anesthesia in labor, 
results from the standpoint of safety, efficiency, effects 
on operative incidence, cesarean section, incidence, 
indications, and mortality; toxemia of pregnancy, 
treatment, methods and results over a fourteen year 
period; “debunking” pelvimetry; heart disease com- 
plicated by pregnancy; fetal mortality, analysis of 
four hundred cases, pathology. 


MASSACHUSETTS WOMEN’S HOSPITAL 


Thursday 

Henry T. Hutcutns—o. Panhysterectomy. 

STEPHEN RusHMORE—9. Plastic laparotomy. 

A. Waite, Jr.—o9. Laparotomy. 

REGINALD MARGESON—g. Transverse cervical cesarean 
section. 

RosBert L. Mason—g. Thyroidectomy. 

Staff—2. Dry clinic. CHARLES H. LAWRENCE: Endocrine 
sterility, end-results. MAcoMBER: Problems 
of sterility. CHARLES F. Parnter: Congenital obtu- 
rator dislocation of right hip; causes of eburnation of 
bone. J. Stewart Rooney: Pathological specimens. 


LAKEVILLE SANATORIUM 


Wednesday 

Z. B. ApAMSs—o:30. Ankylosis of hip, operative. Ward 
rounds. 

Staff—2. Dry clinic: Tuberculosis of lymph nodes, genito- 
urinary tract, eye, gastro-intestinal tract, peritoneum, 
and skin. 

Z. B. ApAms—2. Orthopedic dry clinic. 
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MALDEN HOSPITAL 


Wednesday 


L. E. Puanevur and N. A, GALLAGHER—9g. Gynecological] 
operations. 

R. SULLIVAN—g. Orthopedic clinic. 

L. W. McQuire—g. Amoebic dysentery and its complica- 
tions. 

C. F. Lyncun, D. J. Duccan, I. J. WALKER, and F. W 
Gay—z2. Surgical operations. 

Staff—2. Dry clinic. J. S. Rooney: Pathological demon- 
stration. I. J. WALKER: Discussion of jaundice with 
demonstration of liver specimens. L. Sitva: Discus- 
sion of coronary and gall-bladder disease in middle- 
aged people with electrocardiographic tracings. C. H. 
Srap_es: Hyperpituitarism, demonstration of cases, 


CHELSEA MEMORIAL HOSPITAL 


Thursday 

Staff—o9. Dry clinic. CHARLES P. SHELDON: Septic abor- 
tions. LLEWELLYN H. RockweE LL: Perforated du- 
odenal ulcer. GrorcE A. Marks: Acute appendicitis 
with peritonitis. SYLVESTER B. KELLEY: Causes of 
death in prostatitis. 

Staff—z. General surgical operations. 

Staff—2z. Dry clinic. Gorpon Morrison: Abdominal 
trauma. STEPHEN G. JoNES: Volkmann’s contrac- 
ture. ALEXANDER P. AITKEN: Epiphyseal separation 
of the radius. Jonn S. Hopcson: Fractures of the 
skull. Discussion by FREDERICK J. CoTTon. 


LONG ISLAND HOSPITAL 


Wednesday 


R. H. Morris and T. H. PerErson—g. Fracture clinic: 
Fracture of the neck of the femur in elderly people; 
demonstration of Soutter traction apparatus. 

H. R. Viets—g. Neurosurgical diagnosis. 

J. H. Cunnincuam and C. S. SwAN—g. Urological opera- 
tions. 

A. S. X-ray demonstration. 

I. B. AKERSON—2. Pathological demonstration. 

C. L. Swan, R. I. Smiru, and T. C. Pratr—z2. General 
surgical operations. 
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MONDAY 


. Davis, H. A. DERBYSHIRE, and M. H. Lurre—Harvard 
Medical School, Bldg. C—3. Physiological experiments 
on the hearing of animals with the technique first re- 
ported by Wever and Bray; report of the pathological 
conditions found in animals with abnormal hearing, 
demonstrating technique and apparatus used; physio- 
logical experiment conducted on animal with the ap- 
paratus used, demonstrating (1) auditory response 
obtained from the cochlea itself; (2) auditory response 
from the cochlear nerve and its various ganglion cen- 
ters in the midbrain; (3) auditory response as obtained 
from the cortex of the animal in the temporal lobe; 
(4) the effect of anesthetics on these electrical re- 
- nses; (5) demonstration of masking of tones in 

e cochlea. 


TUESDAY 

‘ aff—Massachusetts Eye and Ear Infirmary—g. Opera- 
tions and demonstration of cases. 

\ ALTER B. Hoover—New England Deaconess Hospital— 
g. Osteoma of sinuses; laryngeal and tracheal compli- 
cations of thyroid surgery; lingual tonsils and lateral 
bands of pharyngeal lymphoid tissue; syndrome of 
anemia, glossitis, and dysphasia. 

| sepH W. Rockett and Toomas E. Dinan—Cambridge 
City Hospital—9. Tonsillectomies with gas-oxygen 
anesthesia; presentation of cases of lateral sinus 
thrombosis. 

| G. Mrnirer and associates—Carney Hospital—o. 
Operation and demonstration of cases. 

\\itt1AM T. HALEy—St. Elizabeth’s Hospital—11. Opera- 
tion for correction of dislocation of nasal septum. 

Hi. P. MosHer—Harvard Medical School, Bldg. B—z. 
Exhibition of anatomical cases demonstrating the 
anatomy of the nose and throat; discussion of teaching 
methods; demonstration on the cadaver of the sub- 
maxillary approach for deep pus in the neck. P. E. 
MELTZER and M. H. Lurie: Exhibition of specimens 
illustrating the anatomy of the ear. 

Staff—Beth Israel Hospital—2. L. M. FreEepMAN: Ex- 
periences with vocal cord paralysis in thyroidectomy. 
Jacos Fine: Technique for relief of bilateral recur- 
rent nerve injury. CHARLES GEetrEs: Demonstration 
of technique for eliciting vestibular reactions by gal- 
vanism. L. M. FREEDMAN: Jugular puncture in mas- 
toiditis. S. Cine: Tuberculous laryngitis and its 
treatment. S. GARFIN: Treatment of malignant tu- 
mors of the upper respiratory tract. L. M. FREEDMAN: 
Bronchoscopic studies. 

F. E. GARLAND—Massachusetts Eye and Ear Infirmary, 
Hooper room. Demonstration of historical instru- 
ments. 


WEDNESDAY 

Staff—Massachusetts Eye and Ear Infirmary—g. Opera- 
tions and demonstration of cases. 

WALTER B. Hoover—New England Deaconess Hospital— 
9. Operations. 

F. G. Mrnirer and associates—Carney Hospital—o. 
Operations and demonstration of cases. 

Staff—Children’s Hospital—9. Lyman Ricuarps: Acute 
laryngotracheobronchitis. Maurice Evans: Bilat- 
eral jugular ligation and its neurological complications. 
Puitip MyseEt: Cerebral abscess. CHESTER MILLs: 

Sinusitis. Jostan E. Quincy: Radical mastoid opera- 


SURGERY OF THE EAR, 
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NOSE AND THROAT 


tion. CHARLES ALLMAN: Unusual foreign bodies. 
ELMER GILLESPIE: Complications in simple mastoidec- 
tomy. SAMUEL CLINE: Cases of sinus thrombosis. 

Harry J. INGuis and associates—Boston Dispensary—o. 
Dry clinic. Louts Wotrson: Bronchoscopy in the 
upright position as an out-patient procedure. A. I. 
CouHEN, F. S. DusHan, and Francis STERN: An im- 
proved method of skin testing in allergic disturbances 
of nose and throat. 

Joun BurNs—St. Elizabeth’s Hospital—11. Radical sinus 
operation under nerve block. 

I’. E. GARLAND—Massachusetts Eye and Ear Infirmary, 
Hooper room. Demonstration of historical instru- 
ments. 


THURSDAY 

Staff—Massachusetts Eye and Ear Infirmary—g. Opera- 
tions and demonstration of cases. 

WALTER B. Hoover—New England Baptist Hospital—o. 
Operations. 

E. J. Butter and C. H. ALLMAN—Cambridge Hospital—o. 
Operative and dry clinic. Hamatogenous infection of 
left mastoid with extradural abscess in a nine months 
old child; pneumococcus type III meningitis with 
labyrinthitis, demonstration of case. 

F. G. MINITER and associates—Carney Hospital—g. Op- 
erations and demonstration of cases. 

C. Faunce—Faulkner Hospital—11. Operations and 
demonstration of cases. 

Witiiam T. HALey—St. Elizabeth’s Hospital—11. Radi- 
cal operation for maxillary antrum. 

Joun Burns—St. Elizabeth’s Hospital—11. Radical mas- 
toid operation. 

F. E. GARLAND—Massachusetts Eye and Ear Infirmary, 
Hooper room. Demonstration of historical instru- 
ments. 


FRIDAY 


Staff—Massachusetts Eye and Ear Infirmary—g. Opera- 
tions and demonstration of cases. 

WALTER B. Hoover—New England Deaconess Hospital— 
g. Operations. 

F. G. Miniter and associates—Carney Hospital—g. Op- 
erations and demonstration of cases. 

Staff—Massachusetts Eye and Ear Infirmary—g. Dry 
clinic. H. P. Canty: The present status of brain 
abscess from the standpoint of the otologist. P. E. 
MELtzeER: A twelve year summary of cases of lateral 
sinus thrombosis at the Infirmary. P. Myset: A ten 
year review of cases of labyrinthitis at the Infirmary. 
D. C. Smytu: Chest cases requiring bronchoscopy, 
lantern slide demonstration. A. S. MACMILLAN and 
D. C. Smytu: The accessory sinuses from the stand- 
point of the roentgenologist and the clinician. A. S. 
MacMit1an: Petrositis from the X-ray standpoint. 
G. H. Porrrer: Result of the Mosher-Toti tear sac 
operation. M. H. Lurie: Histological slides showing 
the pathological condition of the internal ear. E. W 
HERMAN: Radium and X-ray treatment of cancer of 
the larynx. Harris P. MosHeEr: Notes on cesophageal 
cases. F. E. GARLAND: Surgery of the submaxillary 
gland. C. G. Pace: Fungi in tracheal and bronchial 
mucous. GEORGE L. Tosey, Jr.: The Tobey-Ayer 
test. 

F. E. GARLAND—Massachusetts Eye and Ear Infirmary, 
Hooper room. Demonstration of historical instru- 
ments. 
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508 SURGERY, GYNECOLOGY AND OBSTETRICS 


Days to be announced 
IsaBELLA D. Kerr—New England Hospital for Women 
and Children. Avertin anesthesia in tonsillectomies. 
MARGARET Noyes KLEINERT—New England Hospital for 
Women and Children. Mastoidectomies in infants. 
[. Jounson, DonaLp H. MacDonatp, and EpGar 
M. Holmes—Newton Hospital. Operations and dem- 
onstration of cases. 
L. F. Jonnson—Massachusetts Memorial Hospital. Bron- 
choscopic operative clinic. 


C. W. Busn, R. O. Parris, and B. N. Wer1n—Massachu 
setts Memorial Hospital. Operations. 

H. L. Bascock—Massachusetts Memorial Hospital. Oto. 
logical problems in contagious diseases. 

A. W. Rowe and D. W. Drury—Massachusetts Memoria 
Hospital. Endocrine factors in deafness. 

A. Lotorop—Newton Hospital. Tonsil, sinus an! 
septum operations; reduction of recent fractures of th 
malar and nasal bones; discussion of the indication 
for mastoid and sinus surgery. 


SURGERY OF THE EYE 


MONDAY 


Staff— Massachusetts Eye and Ear Infirmary—2. Opera- 
tions. 

V. G. CastEN—Massachusetts Eye and Ear Infirmary—2. 
Visual fields in neurological cases. 

T. L. TerRy—Massachusetts Eye and Ear Infirmary—2. 
Pathological demonstration. 

J. H. Ware and associate—New England Deaconess Hos- 
pital—z2. The eye in diabetes. 

W. B. LancastER—520 Commonwealth Ave.—2. The 
Eikonometer. 


TUESDAY 

H. B. C. Rremer and assistant—Massachusetts Eye and 
Ear Infirmary—g. Operations. 

A. J. BeEpELL—Massachusetts Eye and Ear Infirmary—o. 
Technique in photographing the fundus. 

J. W. WHEELER— Massachusetts Eye and Ear Infirmary— 
g. Plastic operations. 

Henry M. Emmons, D. RowLanp and JosEPH 
J. SkrrBALL—Massachusetts Memorial Hospital—o. 
Operations. 

J. Eye and Ear In- 
firmary—g. Slit-lamp ophthalmoscopy. 

Peter McApams—St. Elizabeth’s Hospital—11. Opera- 
tions. 


WEDNESDAY 


J. H. Warre and assistant—Massachusetts Eye and Ear 
Infirmary—g. Operations. 

A. J. BEpELL—Massachusetts Eye and Ear Infirmary—g. 
Technique of photographing the fundus. 

F. H. VERHOEFF and assistant—Massachusetts Eye and 
Ear Infirmary, Howe Laboratory—g. Operations and 
demonstration of cases. 

Staff—Carney Hospital—g. Operations. 

Stafi—Boston Dispensary—go. The eye and syphilis. 

Hucu DonanvE—St. Elizabeth’s Hospital—i1. Opera- 
tion for cataract. 


ALLEN GREENWOOD—Massachusetts Eye and Ear In- 
firmary—2. Fundus cases. 

T. L. Terry—Massachusetts Eye and Ear Infirmary—2. 
Contact glasses. 

Staff—Massachusetts Eye and Ear Infirmary—2. Motion 
picture demonstration of operations. 

J. J. Recan, Soma Wess, and DonaLp Munro—Boston 
City Hospital—z. The eye in arteriosclerosis. 

V. G. Casten—Long Island Hospital—2. Operative and 
dry clinic. 


THURSDAY 


I. K. Ettis and assistant—Massachusetts Eye and Ear 
Infirmary—o. Operations. 

H. B. C. RremeEr—Massachusetts Eye and Ear Infirmary 
—g. External diseases of the eye. 

C. N. Spratr and others—Massachusetts Eye and Ear 
Infirmary—9. Motion pictures of operations. 

WituiAm and BenjAMIN SAcHs—Beth Israel 
Hospital—1o. Cataract extraction; muscle advance- 
ment; demonstration of cases. 

Henry M. Emmons, D. RowLanp and Josep 
J. SkrrBALL—Massachusetts Memorial Hospital—z. 
Dry clinic. 


FRIDAY 


W. H. Lowe t and assistant—Massachusetts Eye and Ear 
Infirmary—g. Operations. 

Dr. McCartHy—Massachusetts Eye and Ear Infirmary, 
Howe Laboratory—g. Color vision testing. 

J. J. Recan—Boston City Hospital—g. Operations. 

V. G. CastEN—Massachusetts Eye and Ear Infirmary—2. 
Neurological cases; ocular paralysis. 

T. L. Terry—Massachusetts Eye and Ear Infirmary—2. 
Pathological demonstration. 

E. B. DunpHy—Massachusetts Eye and Ear Infirmary—. 
Traumatic cases, operations and results. 

J. J. ReGan and W. B. CastLeE—Boston City Hospital—:. 
The eye in anemic patients. 
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